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Spatial and Temporal Trends in Water Quality in the Alafia River Watershed 
 
Jennifer M. Aragon 
 
Abstract 
 
 Water quality data and land use information were analyzed within the Alafia 
River watershed in Florida to determine spatial and temporal trends in these variables 
over a 16 year time period from 1991-2006.  Monthly water quality data (for dissolved 
oxygen, turbidity, fecal coliform, total phosphorus, and total nitrogen) were statistically 
analyzed using the modified seasonal Kendall nonparametric test for trends that accounts 
for serial correlation.  The statistical trend analysis was conducted for the entire study 
period, but monthly, seasonal, and land use trends were also examined.  Land use 
information was examined using Geographic Information Systems to determine the 
percent change in land use proportion from 1990 to 1999, 1999 to 2006, and 1990 to 
2006.  The proportions of each land use and their percent change were then related to the 
trends in water quality. 
The results of this analysis showed that water quality for the parameters turbidity 
and total phosphorus have been shown to be improving with statistically significant 
decreasing trends for turbidity at stations 74, 111, 116, and 139 and for total phosphorus 
at stations 74, 114, and 115.  A statistically significant decreasing trend in dissolved 
 xii
oxygen was determined for stations 116 and an increasing trend in total nitrogen for 
stations 114, 115, and 151 implying water quality for these parameters is degrading.  
Other noted trends were high fecal coliform and total nitrogen at station 111, which has 
higher proportions of agricultural land use and an increasing proportion of urban and 
built-up land use.  Also, low dissolved oxygen was noted at station 74.  The proportions 
of land use for the entire study area have changed from predominantly wetlands to now 
urban and built-up land use.  While agricultural, rangeland, and wetlands land use have 
shown a reduction in the proportion of coverage in the contributing zone of almost every 
station, urban and built-up land use has increased in proportion at every station.   
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Introduction 
 
This study will explore temporal and spatial changes in water quality and land use 
in the Alafia River watershed, located within Hillsborough and Polk counties, Florida.  
Ten Waterbody Identification (WBID) codes are listed as impaired (those that do not 
meet water quality standards) in the Alafia River watershed, including WBIDs 1621G, 
1660, 1635, 1592C, 1621E, 1675, 1583, 1653, 1639, and 1578B (Figure 1) (U.S. EPA, 
2007).  As noted from Figure 1, most of the impaired waters lie along the main tributary 
to the south and towards the headwaters of the main tributary in the northern portion of 
the watershed.  The main cause of impairment of these waters is from nutrients (U.S. 
EPA, 2007).  Nutrients including nitrogen and phosphorous are essential for aquatic plant 
growth, but at high levels they can cause harmful algal blooms, poor water clarity, and 
harmful effects on wildlife.  It is important to study temporal trends in water quality, the 
spatial distribution of these trends in the water body, as well as how land use changes 
correlate to these trends in order to better focus time and resources on improving water 
quality in the watershed. 
Part of the Florida Department of Environmental Protection’s (FDEP) duties are 
to identify impaired waters and determine the total amount of the impairing pollutant that 
the water bodies can handle and still meet water quality standards [a Total Maximum 
Daily Load (TMDL)].  The establishment of a TMDL for WBID 1639 (Thirty Mile  
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Figure 1.  Alafia River Watershed’s Impaired WBIDs.  Each delineated WBID 
boundary and identification number are shown within the Alafia River Watershed 
with all of the impaired WBIDs, as listed by the U.S. EPA, shown in red. 
 
Creek) in the Alafia River watershed was determined to be of high priority due to its 
degree of impairment while the remaining impaired WBIDs were listed as low priority.  
On December 20, 2005, the target to meet the nutrients and dissolved oxygen water 
quality standards for Thirty Mile Creek was determined to be a TMDL of 3.0 mg/L for 
total nitrogen.  The suggested TMDLs for the remaining impaired WBIDs are slated to be 
submitted to the U.S. Environmental Protection Agency (U.S. EPA) by December 31, 
2008 (U.S. EPA, 2007).   
In Florida, water quality degradation is a major environmental concern since 
many of its waters are used most of the year for recreational activities and some are used 
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as sources of drinking water.  Water quality is defined as the physical, chemical, and 
biological condition of a given water body (Wang 2001).  There are two main sources of 
water quality pollution including point source pollution and non-point source pollution.  
Point source pollution can be linked to a specific origin such as the discharge from a 
domestic wastewater treatment plant.  These sources are easier to locate and control 
through environmental regulations.  Non-point source pollution; however, cannot be 
linked to one specific source or pipe.  Two main sources of non-point source pollution are 
from atmospheric deposition and stormwater runoff.  Humans can have a great impact on 
the amount of harmful pollutants introduced into surface waters in stormwater runoff 
depending on the types of land use surrounding the water body.   
Non-point source pollution (primarily stormwater runoff) is the main cause of 
water quality degradation in the United States (U.S. EPA, 2008b). This type of pollution 
is very difficult to regulate since the origin of the pollution cannot be linked to one 
specific source such as a discharge pipe from an industry.  The effects of stormwater 
runoff on water quality are dependent upon the types of land use in the area.  For 
example, residential and agricultural lands may have more fertilizers and pesticides 
entering receiving waters while pasture lands may have more fecal coliform bacteria 
runoff.  To minimize the amount of pollution entering surface waters from stormwater 
runoff, it is important to study the types of land use in an area to determine the possible 
contributing sources of stormwater pollution.   
To address non-point source pollution, states receive grant money from the U.S. 
EPA under Section 319 of the Clean Water Act to use in their non-point source 
management programs (FDEP, 2008).  In Florida, the FDEP’s program reviews proposals 
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for non-point source pollution reduction projects and provides funding of up to 60 
percent to implement the plan.  This program is based on a watershed approach and 
projects may only be implemented in watersheds that have been highly impacted by non-
point source pollution including those listed in the Surface Water Improvement and 
Management (SWIM) program (FDEP, 2008). 
According to the U.S. EPA (2007), there are 827 water bodies listed impaired in 
the state of Florida as of June 11, 2003.  Major sources of water quality pollution in 
Florida are due to human activities such as increasing amounts of impervious surfaces, 
domestic and industrial discharges, and agricultural runoff with most of the sources of 
pollution stemming from non-point sources (DeBusk, 2002).  The top two causes of 
water quality impairment in Florida are due to oxygen depletion and excessive nutrients 
(U.S. EPA, 2007).   
According to the U.S. EPA (2006), each state in the U.S. is required by Section 
303(d) of the Clean Water Act to identify impaired surface water bodies and establish 
TMDLs for those pollutants impairing the water.  A TMDL is the total amount of a 
pollutant that a water body can handle and still meet its water body designation.  TMDLs 
are established on a watershed based approach.  A watershed is an area of land in which 
all the water drains to a common body of water.  The FDEP designates a WBID code for 
each watershed sub-basin in the state of Florida.  Water quality is assessed in each WBID 
to determine whether the established water quality standards are being achieved.  If the 
WBID is determined to be impaired, a priority ranking is given to the water body and 
TMDLs are created.  This value should also take into account seasonal water quality 
variations and a margin of safety so the water body maintains its designated usage such 
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as a drinking water source, recreational usage, or fishery.  Establishing TMDLs for 
impaired WBIDs helps states and local governments set goals for restoration and 
protection of the water bodies (U.S. EPA, 2006).   
The Alafia River is currently listed as a Class III surface water with the 
designated uses identified for recreation and the propagation of healthy fish and wildlife.  
Most water bodies in the state are designated as Class III waters (FDEP, 2009).  
However, officials from Tampa Bay Water are recommending to change the 
classification of the Alafia River to a Class I water body since they draw water from the 
river for treatment and distribution for potable water usage (Tampa Bay Water, 2008).  
As a Class I water, the Alafia River would be designated as a potable water supply, in 
which stricter water quality standards would be required.  Tampa Bay Water has 
forwarded its request for a reclassification to the FDEP for review and if approved, the 
request will be forwarded to the Florida Environmental Regulation Commission for final 
determination (Tampa Bay Water, 2008).   
With the rising population in Hillsborough County [1990 population 834,054 and 
2006 population 1,157,738, according to the U.S. Census Bureau (2008)], it is assumed 
that the land use will change throughout the county over time as well.  As a result of land 
use change, different pollutants or concentration of pollutants may be entering the waters 
of the county during storm events than had been several years ago.  It is important to 
examine water quality trends to determine if these changes have affected local waterways 
and to better focus environmental restoration efforts to impacted waters.
 6 
 
 
 
 
 
Literature Review 
 
Water Quality Studies 
 Several studies have analyzed the effects of non-point source pollution on water 
quality on a watershed scale.  Many of these studies obtained their land use information 
from remote sensing sources and the data was statistically analyzed to determine the 
effect of land use on water quality, including studies by Maillard and Pinheiro Santos 
(2008), Kebede et al. (2003), and Tong and Chen (2002).   
Maillard and Pinheiro Santos (2008) studied water quality, specifically turbidity, 
fecal coliform, nitrate, nitrite, and phosphorus from 16 sample stations in the Velhas 
River watershed in Brazil.  Water quality data was separated based on the wet season 
(January) and dry season (July) and least squares regression analysis was used to 
determine the effects of non-point source pollution on water quality in the river.  The 
analysis generated linear models which were calculated based on the percent, not the total 
measurable area, of each type of land use classification within five different buffer widths 
(riparian zones) of the river.  An analysis of variance was conducted on the coefficients to 
test the null hypothesis.  The results of this study showed that barren land contributed the 
most to increased turbidity and fecal coliform, urban land use was the greatest contributor 
of nitrite but it was not heavily weighted since large urban centers were only located near 
two of the sample points, and almost all of the land use classes were found to contribute 
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to increases in nitrate and phosphorus.  A good inhibitor of all these pollutants was 
determined to be riparian forest land use.  Each water quality variable also varied by 
season with turbidity and fecal coliform higher during the wet season, nitrate and nitrite 
higher during the dry season, and phosphorus had little variability between the seasons.  
Finally, comparison of the five riparian zones showed that there should not be one set 
buffer for all land use types; it should vary depending on the land use in the area 
(Maillard and Pinheiro Santos 2008).   
Kebede et al. (2003) studied the link between non-point source pollution and land 
use distribution from five sub-basins in the J.B.Converse watershed in Alabama.  They 
examined water quality data from each of these sub-basins for the parameters of 
dissolved phosphorous, dissolved nitrogen, and total nitrogen.  To determine the types of 
land use that contributed to non-point source pollution, the ordinary least square 
regression model was also used in this study.  In this model, the concentration of each 
pollutant was the dependent variable and stream flow and the percent land cover for each 
type of land use were the independent variables.  Based on the results of the Prediction 
Criterion (PC) they determined that the log linear function was more appropriate for this 
study.  The results of this study showed that the nitrogen levels (both dissolved and total 
nitrogen) decreased with increases in water discharge.  They also determined that with an 
increase in forest area, there was a decrease in the amount of nitrogen runoff.  However, 
with an increase in pasture and urban land use, the nitrogen concentration increased.  The 
model results for dissolved phosphorous were not statistically significant in this 
watershed to show a strong connection between land use and dissolved phosphorous 
concentration, so the results were not included in this study (Kebede et al. 2003).   
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Tong and Chen (2002) analyzed the relationship between land use, stream flow, 
and water quality on a regional scale for the state of Ohio and on a watershed scale for 
the East Fork Little Miami River basin.  For the analysis at the state level, Spearman’s 
Rank Correlation (non-parametric statistical analysis) was used to determine the 
relationship between percent land use cover and mean water quality from each 
Hydrological Unit (HUC) in the state for the parameters total nitrogen, total phosphorus, 
and fecal coliform and the results were spatially analyzed using ArcView GIS.  The 
results of the analysis for the state of Ohio showed that total nitrogen, total phosphorus, 
and fecal coliform were positively correlated with agriculture, residential, and 
commercial land uses and they were all negatively correlated with forest land use.  When 
total nitrogen and total phosphorus were compared to each land use type in an analysis of 
variance, they determined that each of parameter’s mean ranked higher in areas of 
agricultural land use than in urban ones.  These results brought up the point that most 
efforts in restoring water bodies are focused on reducing nitrogen loading; however, more 
attention should be focused on reducing both nitrogen and phosphorous runoff since each 
are shown to be strongly correlated to agricultural and urban land use (Tong and Chen 
2002).    
For the East Fork Little Miami River basin, Tong and Chen (2002) used the 
Better Assessment Science Integrating Point and Nonpoint Sources (BASINS) hydrologic 
model designed by the U.S. EPA to determine the amount of runoff and quality of runoff 
based on land use in the basin.  The watershed was delineated into eleven sub-basins and 
the Nonpoint Source Model (NPSM) was used from BASINS to build a hydrologic 
model for the river basin.  The NPSM was also used to build models for each water 
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quality parameter studied; including nitrogen, phosphorous, and fecal coliform.  The 
results of this analysis showed that impervious land surface had greater than 55 percent 
more runoff than pervious surfaces and that out of all the land use types, agricultural 
lands in the sub-basins produced the greatest concentration of all the water quality 
parameters (Tong and Chen 2002). 
 
Water Quality Studies in the Tampa Bay Region 
 In studying the effects of urban land use change and population distribution on 
water quality in the Tampa Bay watershed, Xian et al. (2007) also used remote sensing 
and regression analysis.  A multivariate regression liner model was used to estimate the 
amount of large impervious surface area in the watershed.  To keep the heterogeneity in 
the urban land use and land cover in the watershed, estimating the percent impervious 
surface area was also conducted on a sub-pixel scale using high resolution imagery.  
Population density was then calculated from U.S. Census data and defined as the amount 
of people per square kilometer in a particular area of the watershed.  Areas of high 
population density were often associated with areas of high impervious surface area 
(Xian et al., 2007).   
 Water quality was examined using data provided in GIS format from the 
Engineering Division of Hillsborough County.  Estimates of pollutant loads to the 
Hillsborough River, Alafia River, and Little Manatee River watersheds were assessed 
based on the Hillsborough County Pollutant Loading and Removal Model (PLRM).  The 
Alafia River watershed had the highest annual average non-point source loading for most 
of the water quality parameters out of each of these watersheds (Xian et al., 2007). 
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 The spatial distribution of the pollutant loadings was also analyzed.  A high 
concentration of five day biological oxygen demand (BOD5) and total dissolved 
phosphorous (TDP) was found in the southern portion of Hillsborough County where 
there is mainly agricultural land.  High total suspended solids (TSS) concentration was 
found in the northwest portion of the Tampa Bay watershed where population density 
was high.  High total Kjeldahl nitrogen (TKN) and total nitrogen (TN) values were 
observed in the northwest portion of the Tampa Bay watershed where agricultural land 
use is minimal at between two to nine percent of the total area land use.  Each of these 
pollutants showed clear regional distributions within the watershed (Xian et al., 2007). 
 Polynomial regression analysis was then used to correlate pollutant loadings with 
population density and impervious surface area (“urbanization”).  The results of this 
analysis indicated that as urbanization increased, so did the pollutant loadings for each of 
the parameters sampled.  Through further regression analysis, percent impervious surface 
area and population density were each tested for correlations with pollutant loading rates.  
It was determined that population density was a better estimator for pollutant loading 
rates.  These regression analyses are good for these more broad scale water quality 
studies involving a large watershed such as Tampa Bay (Xian et al., 2007). 
 
Alafia River Watershed Technical Reports  
 The Southwest Florida Water Management District (District) (2001) is focusing 
on developing a Comprehensive Watershed Management (CWM) plan for 11 different 
watersheds within their 16 county districts located in west-central Florida.  In 2001, a 
CWM plan was developed for the Alafia River watershed to identify areas of the 
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watershed where additional resources and time should be focused in order to effectively 
manage the watershed.  The main areas of interest in regards to resource management 
that the District focused on were water supply, flood protection, natural systems, and 
water quality (SWFWMD, 2001).  The results of the water quality analysis will be the 
focal point of this discussion.   
 The District determined water quality trends in the Alafia River based on the 
analysis of the Florida Water Quality Assessment 1994 and 1996 305(b) report results 
and water quality data collected by the Hillsborough County Environmental Protection 
Commission (EPC).  They examined EPC water quality data collected from stations 74, 
114, 111, 151, 115, 116, and 139 along the river during the time period between 1974 and 
1995 (Figure 4).  They sectioned their analysis into three groups; North Prong, South 
Prong, and Lower Alafia River (SWFWMD, 2001).   
 The North Prong is the portion of the Alafia River which originates in the 
northeastern portion of the watershed and eventually converges with the South Prong at 
the Alderman Ford State Park at the center of the watershed.  The main water quality 
impact in this portion of the watershed was determined to be from phosphate mining 
(SWFWMD, 2001).  Based on the results of the Florida Water Quality Assessment, most 
of this portion of the river and its tributaries were given a “fair” water quality rating while 
Thirty Mile Creek was deemed most polluted and given a “poor” rating on a scale of 
good, threatened, fair, poor, and unknown resulted.  Based on water quality analysis from 
EPC data (station 115), it was determined that inorganic nitrogen and phosphorous had 
decreased over time, while turbidity had increased (SWFWMD, 2001).  
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 The South Prong is the portion of the Alafia River which originates in the 
southeastern portion of the watershed and eventually converges with the North Prong at 
the center of the watershed.  Phosphate mining was determined to be a major source of 
pollution in the South Prong (SWFWMD, 2001).  Most of this portion of the river was 
given a “good” rating.  While the headwaters historically received a “fair” rating, it was 
given a “good” rating showing an improvement in water quality in this area.  Water 
quality analysis from EPC data (station 116) also showed an increase in turbidity.  A 
slight decrease in phosphorous and a major decrease in bacteria (since 1980) were 
observed in data from this station.  At station 139, the only major change was determined 
to be a large decrease in phosphorous (SWFWMD, 2001).   
 The Lower Alafia River consists of the portion of the river that originates at the 
merging of the North and South Prongs and flows to Hillsborough Bay and all of the 
tributaries that feed this part of the river.  Sections of this part of the river were given 
anywhere from a “poor” to “good” rating (SWFWMD, 2001).  There was not enough 
data from the station 151 to detect any water quality trends.  A slight increase in turbidity 
and a decrease in phosphorous and bacteria were observed from the data at station 114.  
The total and fecal coliform results from station 111 did not meet water quality standards 
more than 80 percent of the time.  It was determined that more resources should be 
devoted to identifying the source of these high coliform counts (SWFWMD, 2001).    
 The SWFWMD (2001) determined potential sources of high nutrients in the 
Alafia River were attributed to atmospheric deposition, point source pollution, non-point 
source pollution, and groundwater in the form of natural springs.  The District anticipates 
higher nutrient loads into the river as development increases and expands into existing 
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agricultural and upland portions of the watershed.  Some of the goals of this CWM plan 
include preventing an average increase in nutrient loads to the river, strengthening 
interagency coordination concerning water quality issues in the watershed, increase the 
amount of preservation lands along the river shoreline, improve industry best 
management practices, and conduct further studies on water quality impairment in the 
river (SWFWMD, 2001). 
 
Statistical Analysis of Water Quality Trends 
 Either parametric or nonparametric statistical tests are used in the analysis of 
trends.  Parametric tests are based on the assumption that the data is normally distributed, 
the observations are independent, and the variance is constant, while nonparametric tests 
are used when the assumption of normality is violated (Berryman et al., 1988).  
Parametric statistical analysis is not typically recommended for water quality analysis 
since the data is often not normally distributed and transformations to normality are not 
usually uniform across multiple datasets and may bias the results of the analysis (Hirsch 
et al., 1991).  Nonparametric tests have been shown to be more powerful than parametric 
tests when the data is not normally distributed and there is evidence of heterogeneity in 
the dataset (Berryman et al., 1988).  
 Previous studies involving a monotonic trend hypothesis (the assumption that 
there is a steady or abrupt trend over time with no previously determined change in the 
population, N) have often used the nonparametric Seasonal Kendall test to detect trends 
in water quality data due to the seasonal variability that is typically exhibited in this type 
of dataset (Chang, 2008; Fraser, 1986; Qian et al., 2007a; Qian et al., 2007b; Smith et al., 
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1987; Yu et al., 1993).  The Seasonal Kendall test is a test of the overall trend over the 
entire study period and is best suited for systematically sampled data (Hirsch et al., 
1982).  It is a modification of the Kendall tau test that accounts for seasonality and it is 
effective on datasets with missing data, outliers, tied values, and values reported as less 
than the detection limit (Smith et al., 1987; Yu et al., 1993).  In the Seasonal Kendall test, 
seasonality is removed by making comparisons between each of the values for each 
season (i.e. January values are compared to other January values in the study period) and 
a Kendall tau value (rank) is assigned to that season between -1.0 and +1.0, with a -1.0 
indicating a strong negative trend, +1.0 indicating a strong positive trend, and 0 
indicating no trend (Cavanaugh and Mitsch, 1989).  A Kendall tau statistic is then 
computed for each season and they are summed to obtain the seasonal Kendall test 
statistic and determine the trend over the entire study period (Millard and Neerchal, 
2001). 
 The Seasonal Kendall test is used to examine the randomness of the dataset based 
on the null hypothesis (Ho) that the monthly dataset is a sample of independent random 
variables and there is no trend, and the alternative hypothesis (Ha) that one or more 
seasons in the dataset are not identically distributed.  The formulas for computing this test 
statistic are described by Hirsch et al. (1982).  To estimate the magnitude of the trend, the 
Seasonal Kendall slope estimator is used.  The Seasonal Kendall slope estimator is based 
on Sen’s estimator of slope, however, it accounts for seasonality in the dataset.  Like the 
Seasonal Kendall test for trend, the Seasonal Kendall slope estimator is a nonparametric 
test that is not affected by outliers or missing data.  The Seasonal Kendall slope estimator 
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is obtained by computing the median of all the individual slope estimates for each season, 
the formula for which is described by Hirsch et al. (1982). 
 In order to determine which specific statistical test to use to analyze temporal 
trends in water quality data, it is important to initially examine the characteristics of the 
dataset.  Studies by Cavanaugh et al. (1989), Qian et al. (2007b), and Yu et al. (1993), 
have all used some or all of the following descriptive statistics for preliminary analysis of 
their dataset:  Range (minimum and maximum values), mean, median, and standard 
deviation.  Qian et al. (2007b) in particular, used the descriptive statistics information to 
explain the differences in variable concentration between the wet and dry seasons as well 
as make comparisons between the different sample stations.  Normality assumptions were 
tested using the Kolmogorov-Smirnov goodness of fit test in studies conducted by Sliva 
and Williams (2001) and Yu et al. (1993); while Lehrter (2006) used normal probability 
plots of the residuals versus the predicted values.  To evaluate whether a dataset exhibits 
seasonal fluctuations, the Kruskal-Wallis test is often used (Hirsch et al., 1982; Sliva and 
Williams, 2001; Yu et al., 1993), while visually examining box-plots and running the 
Wilcoxan signed rank test have also been shown effective (Qian et al., 2007b).   
 Other aspects to check are whether there is homogeneity of the trends in the 
different seasons and whether the dataset values are serially correlated.  Testing for the 
homogeneity of the trend will indicate whether there are differences in the trends between 
seasons with one going up and another going down.  The Seasonal Kendall test does not 
account for heterogeneity in the trend and may provide inaccurate results indicating there 
is no significant trend in the dataset when actually the trend shifts between seasons.  The 
Chi-Square test is often recommended to detect these fluctuations in the trend and if the 
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trend is heterogeneous, the Mann-Kendall test is used to determine the trend for each of 
the season (Berryman et al., 1988; Gilbert, 1987; van Belle and Hughes, 1984; Yu et al., 
1993).   
 It also is important to test for serial correlation to prevent type I errors of 
indicating there is a trend when actually no trend is present (rejecting the null hypothesis 
when the null hypothesis is true).  There is a modified version of the Seasonal Kendall 
test for trend that is powerful even with serially correlated data and it has been shown to 
be effective with a dataset of greater than or equal to 10 years of monthly data (12 
months) and with a lag-one autocorrelation of less than or equal to 0.6 (Hirsch and Slack, 
1984; Millard and Neerchal, 2001).  The modified Seasonal Kendall test assumes the data 
are serially dependent so the covariance (the strength of the correlation) between the 
Seasonal Kendall test statistics is calculated while the original Seasonal Kendall test 
assumes the data are serially independent and the covariance terms are all zero.  The 
modified test has been determined to be more precise than the original Seasonal Kendall 
test concerning the significance of the trend when the data are serially correlated (Hirsch 
and Slack, 1984). 
  
Water Quality Management 
 In water quality studies from Kebede et al. (2003), Tong and Chen (2002), and 
Xian et al. (2007), strong correlations have been made between land use and water 
quality.  Each of these studies has made a strong negative correlation between areas of 
urban land use and water quality degradation.  If the areas of urban lands continue to 
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expand, there will have to be more coordination between land use planning and water 
quality management to reduce the amount of pollution entering local water bodies.   
 Land use planning and water quality management are typically managed 
separately with differing purposes.  Land use planning often involves getting the most use 
from the land by humans in the future without negatively impacting humans’ wellbeing. 
It is also usually confined by political boundaries such as by city, county, or state and 
non-local views are not equally incorporated into the decision making process, if at all.  
On the other hand, water quality management is based on monitoring and enhancing 
water quality (Wang, 2001).  Watersheds often cross political boundaries, for example, 
the Apalachicola River watershed covers portions of Florida, Georgia, and Alabama and 
the Alafia River watershed cover portions of Hillsborough and Polk Counties.  Since 
water quality is evidently affected by urban development, land use planning should be 
done in collaboration with water quality management to be successful at maintaining and 
improving water quality.   
 In a staff report completed by Hillsborough County and the Southwest Florida 
Water Management District (SWFWMD), a collaborative effort was established between 
these governmental agencies in the form of an Alafia River Basin Agency Team to better 
manage the Alafia River watershed.  Both Hillsborough County and the SWFWMD’s 
jurisdictional boundaries include sections of as well as the entire Alafia River watershed, 
respectively.  Hillsborough County’s responsibility in this watershed is growth 
management and one of SWFWMD’s main responsibilities is to protect water quality in 
the watershed.  The main goals of this report were to improve the interagency 
communication, incorporate land use planning into watershed management, and to give 
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stakeholders the opportunity to participate in the land use and watershed planning (The 
Alafia River Basin Agency Team 2008).   
 In the process of developing this staff report, the Alafia River Basin Agency 
Team first gathered public and stakeholder input on their objectives and priorities for 
land and water management in the watershed.  Once this information was collected, the 
agencies and experts in watershed management determined the plans necessary for 
implementation and the actions necessary to accomplish these goals.  A three year plan 
was established which focused on water management, community enjoyment, and a 
sustainable ecosystem, slated to begin in 2000 and end in 2003.  This plan identified the 
actions to be accomplished each year and the primary agency responsible for completing 
each action (The Alafia River Basin Agency Team, 2008).   
 
Watershed Management Policy 
 Under the Federal Water Pollution Control Act of 1972, now known as the Clean 
Water Act (CWA), guidelines were set for regulating point source pollution from 
municipal and industrial wastewater discharges to waters of the states.  This piece of 
legislation granted the U.S. EPA the authority to set these effluent standards.  The CWA 
established the National Pollutant Discharge Elimination System (NPDES) program in 
which a permit has to be obtained by point source polluters that discharge directly to 
surface waters of the United States.  These regulations for point source pollution have 
improved water quality since the enactment of the CWA; however, challenges still 
remain.  It has become increasingly apparent that non-point source pollution is a major 
contributor to water quality degradation.  Many of the waters of the United States remain 
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impaired due to non-point source pollution and an ever-increasing population; therefore, 
it is becoming more difficult to meet surface water quality standards.  In 1987, 
amendments were made to the CWA to focus more attention on non-point source 
pollution (Brady, 1996). 
 The U.S. EPA is endorsing the Watershed Protection Approach (WPA) which is a 
framework for determining various sources of environmental pollutants and their additive 
effects on surface and groundwater quality on a watershed scale.  These stressors can 
then be prioritized and such programs as the TMDL program can be implemented in the 
WPA.  The U.S. EPA follows four main principles in applying the WPA.  The first 
principle is for the application of a deep-rooted scientific approach to assess all of the 
stressors within a watershed.  This allows for all resources to be efficiently focused 
within that geographic area.  The second principle involves stakeholder (anyone with a 
special interest in the watershed) participation in the identification and resolution of 
watershed problems.  It is assumed that watershed actions will more likely be accepted by 
the public if stakeholder involvement is incorporated into the process.  The third principle 
involves the integration of multiple stakeholders’ knowledge and expertise in 
implementing the actions determined in the analysis including watershed protection, 
monitoring, and education.  The fourth and final principle is the evaluation of the results 
to measure the success of the plan (Brady, 1996). 
 In the mid-1990s, Florida began applying ecosystem management at the 
watershed scale in pilot projects located in the Apalachicola River and Bay, Suwannee 
River, Lower St. Johns River, Florida Bay, Hillsborough River, and Wekiva River.  
Stakeholders from state and local governments, environmental groups, and universities 
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were involved in watershed monitoring, standards setting, and developing plans to 
implement their findings.  Studying these ecosystems at the watershed scale gives 
environmental agencies insight into the effectiveness of current environmental 
regulations.  The goals of these projects are to determine what changes need to be made 
in environmental regulations, financial allocations, and administrative actions in order to 
effectively employ large scale ecosystem management (Brown and Marshall, 1996).   
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Research Design 
 
Many Tampa Bay area residents use the Alafia River for recreational purposes 
and since 2003, the river has become a source of drinking water for these people as well.  
As a result, the water quality in the river is an environmental concern for many residents.  
Current environmental regulations are mainly based on point-source pollution.  However, 
improper land use maintenance can contribute greatly to polluted stormwater runoff 
entering area surface waters.  It is becoming increasingly apparent that non-point source 
pollution is a major contributing factor to surface water quality degradation.  By 
understanding the trends in water quality in the Alafia River watershed and the possible 
sources of water quality degradation from improper land use practices, regulatory efforts 
can be better focused on implementing management plans to target the impaired areas of 
the watershed. 
 
The Problem 
This project examined trends in water quality, specifically dissolved oxygen, 
turbidity, fecal coliform, total nitrogen, and total phosphorus, in the Alafia River 
watershed during the time period between 1991 and 2006.  From this examination, a 
secondary analysis was conducted by visually comparing these trends to changes in land 
use in the watershed.  Gaining a better understanding of water quality trends and how 
they relate to land use changes in the Alafia River is beneficial in developing and 
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implementing TMDLs for specific water quality parameters of concern and for 
implementing environmental regulations requiring the use of best management practices 
for specific land use types.   
  
Research Questions 
 The following research questions concerning the spatial and temporal trends in 
water quality in the Alafia River watershed and how land use relates to these trends were 
addressed from this research: 
 
1. How has water quality in the Alafia River watershed varied over time [i.e. 
by season (Wet/Dry), over the eight year time periods of 1991-1998 and 
1999-2006, and over the entire study period (1991-2006)]? 
 
2. How has proportion of land use changed within the “contributing zone” in 
between each sample station? 
 
3. How does the change in the proportions of land use relate to water quality 
relative to each sample station in the Alafia River? 
 
Project Significance and Rationale 
 Analysis of water quality and land use within the Alafia River watershed was 
conducted with the purposes of finding out how water quality has changed over the time 
period of study, examining how land use has changed over the study period, and 
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determining how the water quality trends and land use changes relate.  Previous water 
quality research in the Tampa Bay area has focused on the larger watershed of the Tampa 
Bay which consists of ten major drainage basins, including the Alafia River watershed.  
For example, the study by Xian et al. (2007) examined the effects of impervious surface 
area and population density on water quality in the Tampa Bay watershed.  Few studies 
have been completed which examine water quality trends in the Alafia River watershed.  
This study provides information on trends in water quality throughout the Alafia River 
watershed and relates that information to changes in land use within the watershed.  This 
study can also serve as a model for future watershed studies in the country, region, or the 
state. 
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Study Area 
 
Tampa Bay Watershed 
 Tampa Bay is located along the coast of west-central Florida and is Florida’s 
largest open-water estuary.  The Tampa Bay watershed spans roughly 6600 square 
kilometers and extends into Pinellas, Pasco, Polk, Manatee, Sarasota, and all of 
Hillsborough Counties (Figure 2) (Xian et al., 2007).  The climate in this region is humid 
subtropical.  The annual average temperature in this part of Florida is 72.2 degrees 
Fahrenheit with an average maximum temperature reaching 91 degrees Fahrenheit during 
July and August and an average minimum temperature reaching 49 degrees Fahrenheit in 
January (SWFWMD, 2001).   
In the Tampa Bay area, urban development has grown substantially in the past 
several decades.  Between 1960 and 2001, Hillsborough County has had the highest 
population growth out of all the counties in the Tampa Bay area at 158 percent rise in 
population (Xian et al., 2007).  The Tampa Bay area serves many different economical 
uses including tourism, recreation, fisheries, as a major shipping channel, and a 
withdrawal source for future drinking water needs in the area.  Four major rivers drain 
into the Tampa Bay including the Hillsborough, Alafia, Little Manatee, and Manatee 
rivers.  The Alafia River watershed will be the study site of this project.   
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Figure 2.  The Tampa Bay Watershed.  The Tampa Bay, Hillsborough River, Alafia 
River, Little Manatee River, and Manatee River watersheds all comprise the Tampa 
Bay watershed by each draining into the Tampa Bay. 
 
 
Alafia River Watershed 
 The Alafia River watershed is located in central Hillsborough County and 
portions of western Polk County and spans a total area of 1084.21 square kilometers 
(Xian et al., 2007).  The Alafia River watershed is bordered by the Hillsborough River 
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watershed to the north and the Little Manatee River watershed to the south (Figure 2).  
The Alafia River primarily originates at the convergence of the North Prong creek and 
South Prong creek and flows about 38.6 kilometers (World Wide Metric, 2006) to the 
Lower Hillsborough Bay of Tampa Bay and eventually to the Gulf of Mexico.  The 
elevations in this watershed mainly range between about 7.6 to 22.9 meters (World Wide 
Metric, 2006), with some areas as high as about 39.6 meters (World Wide Metric, 2006).  
On average, the Alafia River watershed receives about 52.30 inches of rainfall each year, 
predominantly from the months of June through September (SWFWMD, 2001).   
 Major land uses in the area consist of mining, agriculture, and urban development.  
Phosphate mining is a major industry in this region and is mainly found in the eastern 
portion of the watershed.  The majority of the agricultural land use is found in the north 
eastern portion of the watershed in the form of dairies, row crops such as strawberries, 
poultry, and citrus farms.  Urban development is mainly concentrated in the western 
portion but continues to expand east throughout the watershed (SWFWMD, 2001).   
 
Alafia River Watershed Sub-Drainage Basins 
The Alafia River watershed is divided into eight major sub-drainage basins 
delineated by Hillsborough County government (Figure 3).  The main soil types in this 
watershed include Myakka, Basinger, and Holopaw (poorly drained) which is mainly 
found in the upland areas in the Northern and Southern portions of the watershed; 
Candler and Lake (excessively drained, rapidly permeable) which is found in the central 
portion of the River major sub-drainage basin above the Alafia River; Winder, Chobee, 
and St. Johns (deep, poorly drained, moderate to slowly permeable soil) is found along 
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the North and South Prongs and where they converge; and Arents, Haplaquents, 
Quartzipsamments (soils of manmade areas) which is found in most of the Polk County 
section of the watershed and in the Turkey major sub-drainage basin (SWFWMD, 2001; 
USDA, 2007).   
 
Figure 3.  Alafia River Major Sub-basins.  The 8 major sub-drainage basins in the 
Alafia River watershed, including Buckhorn, River, Bell, Fishhawk, Turkey, 
English, North Prong, and South Prong sub-basins.   
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Methodology 
 
Contents of Dataset 
 In order to determine the temporal trends in water quality in the Alafia River 
watershed, ambient water quality data from 1991 through 2006 were obtained from the 
Hillsborough County Environmental Protection Commission (EPC).  The EPC collects 
water quality samples from the Alafia River and its tributaries on a monthly basis at 
stations 74, 153, 114, 155, 166, 151, 111, 115, 116, 154, and 139 (Figure 4).  The eight 
monitoring stations that will be studied for this project will be stations 74, 114, 151, 111, 
115, 116, 139, and 154 since the sample data has been collected since at least 1991 
(except station 154), allowing for a sufficient data set to be analyzed and the distribution 
of these monitoring stations provides sufficient spatial coverage over the entire 
watershed.  Station 154 was chosen based on its location in the watershed.  It is the only 
active monitoring station located in the northeastern main tributary of the Alafia River.  
The data from this station dates back to the year 1999.  All of the water quality values in 
the dataset are based on the actual value reported by the sample device/machine, so there 
are no values reported as less than the limit of detection. 
 Land use data was obtained from the Florida Geographic Data Library for the 
years 1990, 1999, and 2006.  The shape files are arranged by county within the water 
management districts.  The features were obtained from 1:24,000 and 1:12,000 USGS 
color infrared digital orthophoto quarter quadrangles (DOQQ) for the years 1990 and 
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1999, respectively, and from 1:12,000 color infrared digital aerial photographs for the 
year 2006.  The land use data in the shape file is organized by Florida Land Use and 
Cover Classification System (FLUCCS) codes.  There are nine main land use 
classifications in the study area for the years 1990 and 2006 including agriculture, barren 
land, range land, special classifications (vegetation), transportation, communication, and 
utilities, upland forests, urban and built up, water, and wetlands.  The shape file for the 
year 1999 includes all of the same land use classifications except for special 
classifications (vegetation) which is included in the wetlands classification.   
The National Hydrography Dataset (NHD) for the Alafia River watershed was 
obtained from the United States Geological Survey (USGS) in a geographic information 
system (GIS) geodatabase format.  The NHD data are at a resolution of 1:24,000-scale 
(high resolution) and contain the network of water flow for the watershed’s rivers, 
streams, and artificial paths.   
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Figure 4.  Alafia River Monthly Sampling Stations.  The EPC ambient water quality 
sampling stations in the Alafia River watershed.  The sample stations are 
symbolized with red stars are the stations used in this study. 
 
Sample Analysis Methods 
 All water quality sample data utilized in this study were obtained from the EPC.  
The EPC laboratory is certified by the Florida Department of Health to test water samples 
for several different analytes, including those used in this study.  The analytes and their 
corresponding analysis methods are listed in Table 1 (Clesceri et al., 1998; U.S. EPA, 
2008a).  Another sample parameter that will be used in this study is dissolved oxygen 
which is measured in the field with a Hydrolab multiprobe sonde.  Florida Department of 
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Environmental Protection Standard Operating Procedures for Field Activities (DEP-SOP-
001/01), last updated February 1, 2004, are followed when collecting water quality 
samples.   
 
Table 1.  Sample Methods of Analysis.  Analytes and their corresponding method(s) 
of analysis used by the EPC to test water quality samples (Clesceri et al., 1998; U.S. 
EPA, 2008a). 
 Analyte Method 
Nutrients Total Nitrogen SM 4500 N 20th Edition 
 Total Phosphorous EPA 365.4 
Microbiology Fecal Coliform SM 9222D 20th Edition 
General Chemistry Turbidity EPA 180.1 
 
Sample Design 
 The Alafia River watershed was chosen as the study area due to its ease of 
accessibility and the availability of monthly ambient water quality sampling data from the 
EPC.  The water quality sampling by the EPC has been conducted off and on at various 
sampling locations along the Alafia River since 1972, providing a significant historical 
database of water quality information.  Since the original date of sampling began at 
different times for each of the sampling stations and some stations are no longer actively 
sampled, the time period chosen for this analysis is from 1991 through 2006.  This time 
period provides a sufficient amount of sampling stations to make more accurate 
determinations based on the data.  An additional sample station (station 154) which has 
data that dates back to 1999 was also chosen since no other active sample stations are 
located near the headwaters of the North Prong.  This study area was also chosen due to 
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the limited detailed evaluations of land use changes and water quality trends in this 
specific watershed. 
 
Water Quality Data Analysis 
Data Storage and Manipulation.  Monthly ambient water quality data provided 
by the EPC is stored in a Microsoft Office Access (Microsoft® Corporation, 2003a) 
database.  A query of the water quality parameters that will be used in this study 
including dissolved oxygen (DO), turbidity, fecal coliform, total nitrogen (TN), and total 
phosphorous (TP) along with the sample station and sample date was conducted.  The 
information queried from the Microsoft Office Access (Microsoft® Corporation, 2003a) 
database was converted into a Microsoft Office Excel (Microsoft® Corporation, 2003b) 
spreadsheet for manipulation based on sample station and date. 
 Although the statistical tests used in this study are powerful, even with outliers, 
the standardized and studentized residuals of the datasets were examined for obvious 
incorrect or highly extreme values using SPSS (SPSS Inc., 2007); however, no datum 
was excluded based on the test for outliers alone (Gilbert, 1987).  Five values were 
removed from the dataset including:  the August 2004 turbidity outlier (173 NTU) for 
station 116 since it was suspected of being an incorrectly transcribed value missing a 
decimal point and the December 1997 total nitrogen and total phosphorus outliers for 
station 115 (46.26 mg/L and 220.21 mg/L, respectively) and downstream at station 114 
(37.43 mg/L and 234.83 mg/L, respectively) due to a large acidic wastewater spill from a 
gypsum stack dam breach at the Mulberry Phosphates fertilizer plant that discharged to 
the north prong of the Alafia River three days prior to sample collection.   
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Since some of the statistical tests used in the analysis are not effective with 
missing values (e.g. Rank von Neumann test) or with more than one missing value per 
season per year (e.g. Seasonal Kendall test adjusted for serial correlation), SPSS (SPSS 
Inc., 2007) was used to replace missing values with the mean of the surrounding values 
(Yu et al., 1993).  Since sampling did not begin until more than half-way through the year 
for stations 151 and 154, the sample data from 1991 (August – December) were deleted 
from station 151 and the sample data from 1999 (September – December) were deleted 
from station 154, rather than replacing the missing values.  Although this caused station 
151 to have one year less of data than the study period analyzed, Hirsch et al. (1991) 
indicate that if there are only one to two years of missing values in the dataset, or no 
more than 20 percent missing per period when the dataset is divided into three equal time 
periods, then the dataset should still be included in the analysis.  Although the dataset for 
station 154 does not match these criteria, it was still included in the analysis since it was 
the only station located in the northeastern portion of the watershed.   
Sample dates (in the format mm/dd/yyyy) were transformed using the SPSS’s 
(SPSS Inc., 2007) Date and Time Wizard into the two new variables: sample year and 
sample month.  The sample months were then recoded into seasons (dry season, dummy 
variable = 1 and wet season, dummy variable = 2) with the dry season covering the 
months of October through May and the wet season covering the months of June through 
September (SWFWMD, 2001).  The sample years were also recoded into two equally 
split groups; one for the first eight years (1991 – 1998, dummy variable = 1) and one for 
the second eight years (1999 – 2006, dummy variable = 2).  These dataset groupings 
(year, season, and eight-year time periods) were used to analyze the descriptive statistics 
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[mean, median, range (minimum and maximum), and standard deviation] for each 
variable at each sample station.  The dataset was then analyzed using statistical 
procedures. 
 
Statistical Analysis.  All statistical analyses were carried out using either SPSS 
(SPSS Inc., 2007) or EnvironmentalStats (Millard, 2002) for S-PLUS (Insightful Corp., 
2007) with a significance level α of 0.05 (p-value ≤ 0.05).  SPSS (SPSS Inc., 2007) was 
utilized to conduct the Shapiro-Wilk test, which tests the null hypothesis that the dataset 
is normally distributed (Millard and Neerchal, 2001).  The normality assumption was 
tested for every sample station and turbidity, fecal coliform, total nitrogen (except station 
154), and total phosphorus were all not assumed to come from a normal distribution.  For 
dissolved oxygen, three out of the eight station’s datasets show evidence the values are 
not normally distributed while the others (stations 74, 115, 116, 151, and 154) were 
normally distributed.  Although some groups showed signs of normality, nonparametric 
tests will be utilized in this study since most of the data has shown departures from 
normality, comparisons will be made between all sample stations, and the nonparametric 
Seasonal Kendall test for trend has been shown to only be slightly less powerful than its 
parametric counterpart when the data are normally distributed (Hirsch et al., 1982).   
The complete dataset was transferred over to the statistical program S-PLUS 
(Insightful Corp., 2007) for further statistical analysis.  The nonparametric Kruskal-
Wallis one-way analysis of variance test was used to determine whether the datasets 
showed signs of seasonality (Hirsch et al., 1982; Sliva and Williams, 2001; Yu et al., 
1993).  All of the water quality parameters, except fecal coliform, exhibited seasonality at 
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the majority of sample stations.  Fecal Coliform showed significant seasonality at only 
two out of the eight sample stations.  Examination of the annual seasonal trends revealed 
that although the fecal coliform annual seasonal medians were typically similar for the 
wet and dry season, the wet season showed more extreme variability from year to year 
than in the dry season (Figures 10-A through 10-H).  As a result, it was determined that a 
nonparametric test that accounts for seasonality would to be used to test for trends in the 
datasets.   
 The nonparametric rank von Neumann ratio test for lag-1 serial correlation was 
used to test the null hypothesis that the time series distribution is completely random.  
Lag-1 serial correlation or autocorrelation tests the correlation of observations one time 
unit apart.  This test does not account for seasonality in the dataset, so the seasonal 
variability was removed by subtracting the seasonal median from each observation in the 
season for every sample station (Qian et al., 2007b).  The results of the test indicated that 
the majority of the datasets were serially dependent and only dissolved oxygen from 
sample station 74 and dissolved oxygen, turbidity, and fecal coliform from station 154 
were determined to be serially independent.   
 The Chi-Square test for heterogeneity was used to test the null hypothesis that the 
seasonal trends are heterogeneous with some having an upward trend and some a 
downward trend (Berryman et al., 1988; Gilbert, 1987; van Belle and Hughes, 1984; Yu 
et al., 1993).  Based on this test, the trends between seasons for all datasets showed no 
significant heterogeneity.   
 As a result of conducting these preliminary tests, it was determined that the 
modified Seasonal Kendall test that accounts for serial correlation would be used to test 
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for trends in water quality and the Seasonal Kendall slope estimator would be used to 
estimate the slope of the trend (Hirsch and Slack, 1984; Millard and Neerchal, 2001).  
The modified Seasonal Kendall test was used to reduce the probability of making a Type 
I error (rejecting the null hypothesis when the null hypothesis is true) since the data 
showed signs of serial dependence.  The modified Seasonal Kendall test is used to test the 
null hypothesis that there is no trend in the concentrations of a water quality parameter.  
If the modified Seasonal Kendall test for trend is significant, indicating an overall trend 
in the data, then the Seasonal Kendall slope estimator provides an estimate of the slope 
and the direction (upwards or downwards) of the trend. 
 
Land Use Data Analysis 
Data Storage and Manipulation.  Before determining the temporal changes in 
land use in the study area, the geographic data first had to be manipulated using the 
ArcMap (ESRI, 2008) GIS program.  Land use information for the years 1990, 1999, and 
2006 is stored in separate GIS shape files for Hillsborough and Polk Counties.  The two 
shape files had to be merged for each study year to combine the land use attributes for 
analysis.  Since the 1999 land use file only listed eight different types of land use and the 
special classification (vegetation) descriptors were encompassed in the wetlands 
classification, the 1990 and 2006 land use information was adjusted to resemble the 1999 
data.  To do so, a new table was created in Microsoft Office Excel (Microsoft® 
Corporation, 2003b) that contained the revised land use classifications and it was joined 
to the attribute table in ArcMap (ESRI, 2008) using common field identification numbers.   
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 To examine the contributing land use area for each sample station, the upstream 
flow path had to first be established by evaluating the National Hydrography Dataset 
(NHD) geodatabase from the United States Geological Survey (USGS) using ArcMap 
(ESRI, 2008) and by visually examining aerial images.  The upstream flow path for each 
sample station was traced using the Utility Network Analysis toolbar and the 
NHDFlowline (the main surface water drainage system) and HYDRO_NET_Junctions 
(nodes connecting the NHDFlowlines used to determine the flow path) from the NHD 
geodatabase for the Alafia River watershed.  Any gaps in the upstream path were visually 
analyzed using aerial images and, as deemed necessary, were connected by creating a 
new feature using the Editor toolbar.  Once the upstream flow path was obtained for a 
sample station, the river section was selected and converted into a new shapefile.   
 A 100 meter buffer was created around each river section to represent the 
“contributing zone” of land use pollution to each sample station (Brown and Vivas, 2005; 
Johnson et al., 1997; Sliva and Williams, 2001).  All overlapping sections of the buffer 
were removed using the Editor toolbar, so there was no redundancy in information.  The 
land use shapefile for each year was then clipped to the 100 meter buffer around the river 
for each sample station for future analysis. 
 
Geographic Information System Data Analysis.  To determine the temporal 
changes in land use within 100 meters of the Alafia River, sample stations were analyzed 
individually and comparisons were made between each land use classification area of 
coverage and the total contributing area.  The attribute tables for each sample station’s 
land use layer contain information about the area of coverage for each polygon 
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representing a particular land use classification.  The area of the polygons did not 
automatically update once the land use layer was clipped to the contributing zone, so the 
area had to be recalculated for each sample station for each year.  For 1990 and 2006 land 
use shapefiles, the land use area is given in acres, while the 1999 shapfiles are in square 
meters.  The recalculation was done in the attribute table by calculating the geometry of 
the area with the output units all set to square kilometers for consistency.   
Once all of the area values were converted to square kilometers, a report was 
generated and exported to Microsoft Office Word (Microsoft® Corporation, 2003c).  
After converting the Microsoft Office Word (Microsoft® Corporation, 2003c) document 
into a Microsoft Office Excel (Microsoft® Corporation, 2003b) spreadsheet for 
formatting, the tables of land use classifications and associated square kilometer values 
for each polygon were imported into a Microsoft Office Access (Microsoft® 
Corporation, 2003a) database.  In Microsoft Office Access (Microsoft® Corporation, 
2003a), a query was conducted to calculate the sum of the square kilometers from each of 
the land use classifications for the individual sample stations. 
 Microsoft Office Excel (Microsoft® Corporation, 2003b) was used to calculate 
the proportion of land use coverage for each sample station as well as calculate the 
percent change in the proportion of each land use area between the years 1990, 1999, and 
2006.  The proportion of land use coverage for each sample station was determined by 
dividing the area of each land use classification by the total area within the sample 
stations contributing zone.  The percent change in the proportion of each land use was 
calculated using the formula:  [(new value – old value)/ |old value|]*100.  
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Results and Discussion 
 
 The descriptive statistics, specifically the mean, median, range (minimum to 
maximum), and standard deviation, were examined for each water quality variable at 
each sample station.  The descriptive statistics were grouped by year, season (wet vs. 
dry), by land use years (1991 – 1998 and 1999 – 2006 except station 154 since its study 
period began in 2000), and by the entire study period to get a preliminary idea of the 
basic features of the datasets [Tables 2, 4, 6, 8, and 10 (all A through H)].  Monthly 
medians (the median of each of the 12 individual months over the entire study period) 
were plotted for each of the water quality parameters to examine monthly trends for each 
sample station and to make comparisons between sample stations based on the month the 
sample was collected (Figures 5, 7, 9, 11, and 13).   
 Annual seasonal median water quality concentrations were also examined to 
determine the seasonal trends over the entire study period and to make comparisons 
between seasons and sample stations [Figures 6, 8, 10, 12, and 14 (all A through H)].  
The seasons were defined as the wet season (June through September) and the dry season 
(January through May and October through December) (SWFWMD, 2001).  Along with 
analyzing the water quality data for monthly and seasonal trends, the data was 
statistically analyzed to determine whether significant trends (significance level of α = 
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0.05) existed over the entire study period of 1991 – 2006 (except station 151, analyzed 
from 1992 – 2006 and station 154, analyzed from 2000 – 2006).   
 Land use data for the years 1990, 1999, and 2006 were analyzed and compared to 
determine how proportions of land use have changed over the period of study and to see 
if correlations could be made with water quality trends for each sample station.  The land 
use proportions and percent change tables discussed in this section were important in the 
overall scheme of this study, but were included in the appendix due to the amount of data 
included in each of the tables. 
 Figure 5 depicts the locations of the eight sample stations within the Alafia River 
watershed that were used in this study.  The map was included in this section as a quick 
reference to the locations of each of the sample stations when reviewing the results of this 
analysis.   
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Figure 5.  The eight sample stations in the Alafia River watershed used in this study.  
Each sample station is symbolized with a red star.   
 
Dissolved Oxygen 
 According to state standards for Class III fresh waters [Rule 62-302, Florida 
Administrative Code (F.A.C.)], dissolved oxygen should be maintained at levels at or 
above 5.0 mg/L.  Review of the descriptive statistics for sample station 74 revealed the 
median dissolved oxygen concentration over the entire study period was below the state 
standard with a value of 4.6 mg/L and the range indicated levels had dipped to as low as 
0.20 mg/L (Table 2-A).  This implies that dissolved oxygen is degraded at station 74, 
located at the mouth of the river (Figure 5).  Previous studies done by the SWFWMD 
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(2001) and Parsons Engineering Science, Inc. (2002) have also noted low dissolved 
oxygen levels in this portion of the river.  Some of the low levels of dissolved oxygen at 
this station could be attributed to samples being collected from this station earlier in the 
morning than the other stations, since dissolved oxygen is highest in the afternoon due to 
increased photosynthesis.  Also, this station is located at the mouth of the river and higher 
salinity levels can lower dissolved oxygen.   
The descriptive statistics also showed that dissolved oxygen concentrations were 
lower during the wet season for every station, with the greatest difference in the median 
concentration between the seasons exhibited at station 74 (2.60 mg/L during the wet 
season and 5.60 mg/L during the dry season) (Table 2-A).  This indicates that water 
quality for dissolved oxygen declines during the wet season and improves during the dry 
season.   
When compared to sample station 74, all other stations exhibited less variability 
in dissolved oxygen based on the overall range and in the median concentration when 
grouped by year and by season, with station 114 showing the least amount of variability 
(Tables 2-A through 2-H).  This indicates that dissolved oxygen at station 114 has 
remained fairly consistent throughout the 16 year study period, and if conditions remain 
the same, it would be expected that levels at this station would continue on this trend.   
When grouped by land use years, all of the sample stations except station 74 
showed a lower median concentration during the second half of the study period (1999-
2006) (Tables 2-A through 2-H).  This indicates the median concentration at those 
stations had degraded during the second half of the study period when compared to the 
first, while the median dissolved oxygen concentration at station 74 slightly improved. 
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Table 2-A.  Descriptive statistics of dissolved oxygen (mg/L) for station 74.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 5.00 4.90 2.50 - 7.10 1.39 
1992 4.56 4.35 0.20 - 7.80 2.51 
1993 4.45 3.80 2.60 - 7.20 1.62 
1994 4.39 4.75 1.50 - 6.20 1.48 
1995 4.68 4.63 0.60 - 8.47 2.35 
1996 4.48 3.95 1.00 - 8.00 2.39 
1997 4.92 4.75 1.70 - 8.50 1.91 
1998 4.51 4.75 1.40 - 6.70 1.52 
1999 4.29 4.55 0.80 - 7.70 2.23 
2000 4.95 5.15 1.40 - 10.30 2.28 
2001 4.37 5.00 0.70 - 6.30 1.64 
2002 4.18 3.90 0.40 - 8.80 2.46 
2003 4.64 4.60 1.30 - 7.10 1.79 
2004 5.08 5.65 2.06 - 6.79 1.46 
2005 4.30 4.25 0.66 - 7.34 2.31 
2006 4.39 4.12 1.18 - 8.05 2.41 
Grouped by Season (wet vs. dry) 
Season Mean Median Range 
Standard 
Deviation 
Wet 2.68 2.60 0.20 - 5.70 1.35 
Dry 5.52 5.60 2.80 - 10.30 1.47 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 4.62 4.50 0.20 - 8.50 1.88 
1999-2006 4.53 4.72 0.40 - 10.30 2.05 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 4.57 4.60 0.20 - 10.30 1.96 
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Table 2-B.  Descriptive statistics of dissolved oxygen (mg/L) for station 111.  
Descriptive statistics of dissolved oxygen (mg/L) for sample station 111.  Separated 
by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Group by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 6.27 6.30 4.10 - 9.30 1.19 
1992 7.32 7.10 5.70 - 8.70 1.07 
1993 7.31 7.65 3.70 - 9.40 1.42 
1994 6.98 6.30 5.30 - 10.50 1.46 
1995 7.52 7.35 4.60 - 10.20 1.66 
1996 7.66 7.30 4.70 - 9.60 1.42 
1997 6.91 6.65 3.70 - 9.00 1.55 
1998 7.28 7.20 5.00 - 8.60 1.03 
1999 7.35 7.26 3.00 - 9.70 1.65 
2000 6.02 6.00 2.90 - 9.30 2.06 
2001 7.14 6.91 5.90 - 8.60 0.82 
2002 7.12 6.84 5.30 - 10.30 1.27 
2003 7.36 7.00 6.30 - 9.50 1.06 
2004 7.61 7.00 5.48 - 11.30 2.09 
2005 7.57 7.39 5.28 - 10.79 1.78 
2006 7.35 7.14 5.55 - 9.82 1.34 
Group by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 6.11 6.26 3.00 - 7.40 0.86 
Dry 7.70 7.60 2.90 - 11.30 1.44 
Group by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 7.15 7.10 3.70 - 10.50 1.38 
1999-2006 7.19 7.00 2.90 - 11.30 1.58 
Group by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 7.17 7.00 2.9 - 11.30 1.48 
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Table 2-C.  Descriptive statistics of dissolved oxygen (mg/L) for station 114.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 6.33 6.25 5.80 - 7.40 0.50 
1992 6.42 6.25 5.10 - 7.50 0.69 
1993 6.82 6.85 5.70 - 8.20 0.79 
1994 6.54 6.35 5.80 - 8.10 0.71 
1995 6.88 6.55 5.70 - 9.00 0.99 
1996 6.78 6.60 5.80 - 8.20 0.79 
1997 6.57 6.30 5.20 - 8.60 1.12 
1998 6.63 6.50 5.50 - 8.20 0.77 
1999 6.45 6.35 6.00 - 7.20 0.38 
2000 6.34 6.25 5.80 - 7.50 0.53 
2001 6.01 6.00 5.50 - 6.70 0.37 
2002 6.63 6.30 5.50 - 8.30 0.84 
2003 6.64 6.36 5.72 - 8.80 0.95 
2004 6.28 6.30 4.26 - 8.03 1.07 
2005 6.98 6.99 5.24 - 8.82 1.13 
2006 6.77 6.14 5.55 - 9.67 1.40 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 5.93 5.97 4.26 - 7.74 0.44 
Dry 6.88 6.76 5.42 - 9.67 0.85 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 6.62 6.40 5.10 - 9.00 0.81 
1999-2006 6.51 6.30 4.26 - 9.67 0.92 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 6.57 6.30 4.26 - 9.67 0.86 
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Table 2-D.  Descriptive statistics of dissolved oxygen (mg/L) for station 115.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 7.74 7.80 5.90 - 10.40 1.37 
1992 8.00 8.30 6.90 - 9.50 0.92 
1993 7.70 7.75 5.10 - 9.30 1.07 
1994 7.33 7.50 5.60 - 9.20 1.12 
1995 7.64 7.55 5.90 - 10.00 1.14 
1996 7.62 7.70 6.20 - 9.20 0.90 
1997 7.79 7.90 6.20 - 10.20 1.08 
1998 7.29 7.15 6.00 - 8.30 0.73 
1999 7.59 7.60 6.10 - 9.00 0.93 
2000 7.88 8.05 6.20 - 9.40 1.06 
2001 7.61 7.80 5.50 - 9.30 1.28 
2002 7.50 7.10 6.10 - 10.30 1.28 
2003 7.14 6.64 5.73 - 9.28 1.29 
2004 6.78 6.67 4.19 - 9.87 1.88 
2005 7.02 7.22 4.85 - 8.79 1.36 
2006 7.82 7.94 5.74 - 10.19 1.52 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 6.35 6.40 4.19 - 7.70 0.70 
Dry 8.12 8.13 4.53 - 10.40 0.95 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 7.64 7.65 5.10 - 10.40 1.04 
1999-2006 7.42 7.43 4.19 - 10.30 1.35 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 7.53 7.50 4.19 - 10.40 1.21 
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Table 2-E.  Descriptive statistics of dissolved oxygen (mg/L) for station 116.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 8.17 8.10 5.80 - 11.00 1.54 
1992 8.08 7.80 6.50 - 10.70 1.37 
1993 7.61 7.70 5.20 - 9.40 1.05 
1994 7.13 7.40 5.30 - 9.00 1.21 
1995 7.36 7.85 5.40 - 9.50 1.36 
1996 7.85 8.00 5.90 - 9.10 0.97 
1997 7.88 7.95 5.80 - 10.40 1.33 
1998 7.05 7.00 5.60 - 8.10 0.77 
1999 7.63 8.00 5.80 - 9.20 1.11 
2000 7.65 8.05 5.00 - 9.70 1.46 
2001 7.13 7.10 4.60 - 9.50 1.57 
2002 7.23 6.75 5.90 - 9.80 1.32 
2003 6.81 6.33 5.22 - 9.20 1.42 
2004 6.98 6.96 3.95 - 10.07 1.94 
2005 6.99 7.05 4.54 - 9.03 1.40 
2006 7.49 7.35 5.47 - 10.05 1.70 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 6.15 5.99 3.95 - 8.00 0.83 
Dry 8.08 8.10 4.90 - 11.00 1.12 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 7.64 7.75 5.20 - 11.00 1.24 
1999-2006 7.24 7.17 3.95 - 10.07 1.48 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 7.44 7.50 3.95 - 11.00 1.38 
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Table 2-F.  Descriptive statistics of dissolved oxygen (mg/L) for station 139.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 7.38 7.50 4.80 - 9.90 1.41 
1992 7.33 7.40 4.80 - 9.10 1.53 
1993 7.08 6.95 5.30 - 9.20 1.05 
1994 6.82 7.05 5.00 - 8.60 1.30 
1995 6.68 6.50 4.90 - 9.10 1.30 
1996 7.12 7.40 5.50 - 8.40 1.08 
1997 7.38 7.70 4.80 - 9.70 1.27 
1998 6.65 6.50 4.90 - 7.80 0.83 
1999 6.93 7.60 5.20 - 8.90 1.40 
2000 7.91 7.70 6.50 - 9.10 0.89 
2001 6.88 7.05 3.00 - 8.80 1.74 
2002 6.99 7.25 5.20 - 8.60 1.09 
2003 6.25 6.15 4.51 - 8.30 1.28 
2004 6.13 6.47 3.83 - 8.94 1.85 
2005 6.60 6.53 4.64 - 9.33 1.40 
2006 6.88 7.08 4.29 - 9.54 1.88 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 5.60 5.50 3.00 - 7.80 0.98 
Dry 7.61 7.70 4.82 - 9.90 1.01 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 7.05 7.20 4.80 - 9.90 1.23 
1999-2006 6.82 6.94 3.00 - 9.54 1.51 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 6.94 7.10 3.00 - 9.90 1.38 
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Table 2-G.  Descriptive statistics of dissolved oxygen (mg/L) for station 151.  
Separated by year (n=12), season [wet (n=60) vs. dry (n=120)], grouped by land use 
information [1992-1998 (n=84) and 1999-2006 (n=96)], and by the entire study 
period [1992-2006 (n=180)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1992 6.90 6.65 4.90 - 9.00 1.52 
1993 6.97 7.60 4.30 - 9.40 1.59 
1994 6.35 5.95 4.00 - 10.10 1.73 
1995 7.54 7.45 4.70 - 10.50 1.65 
1996 8.26 8.70 6.50 - 9.80 1.03 
1997 6.78 6.45 4.00 - 10.30 1.94 
1998 7.73 7.80 6.70 - 8.90 0.80 
1999 7.86 7.70 6.80 - 9.30 0.86 
2000 6.90 6.40 5.10 - 9.40 1.35 
2001 7.09 7.20 5.20 - 9.60 1.24 
2002 7.18 6.75 5.80 - 9.40 1.19 
2003 7.36 6.85 5.73 - 9.80 1.49 
2004 7.58 7.42 4.95 - 11.11 1.98 
2005 7.73 7.47 4.90 - 11.05 1.85 
2006 7.62 7.49 5.51 - 10.19 1.53 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 6.00 6.00 4.00 - 7.50 0.85 
Dry 7.98 7.95 4.00 - 11.11 1.33 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1992-1998 7.22 7.35 4.00 - 10.50 1.58 
1999-2006 7.42 7.20 4.90 - 11.11 1.46 
Grouped by the Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1992-2006 7.32 7.20 4.00 - 11.11 1.51 
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Table 2-H.  Descriptive statistics of dissolved oxygen (mg/L) for station 154.  
Separated by year (n=12), season [wet (n=28) vs. dry (n=56)], and by the entire 
study period [2000-2006 (n=84)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
2000 7.07 7.25 5.20 - 8.60 1.02 
2001 6.48 6.45 3.30 - 8.10 1.30 
2002 6.53 6.56 4.60 - 8.20 1.14 
2003 6.35 5.81 5.33 - 8.80 1.17 
2004 6.22 5.91 4.11 - 9.03 1.47 
2005 6.40 6.22 4.66 - 8.94 1.37 
2006 6.77 6.57 5.20 - 9.00 1.31 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 5.55 5.67 3.30 - 6.80 0.71 
Dry 7.05 7.18 4.60 - 9.03 1.15 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
2000-2006 6.55 6.41 3.30 - 9.03 1.25 
 
 
 In Figure 6, the dissolved oxygen monthly trends were compared for each of the 
sample stations.  There is evidence of seasonal variability for each of the sample stations 
as depicted by the decrease in the monthly median concentration of dissolved oxygen 
during the wet season (June through September), with it being most evident at station 74.  
When analyzed by month, the trends in dissolved oxygen over the entire study period 
support what was observed in the descriptive statistics with levels declining during the 
wet season.  All of the stations exhibited similar median monthly concentrations except 
station 74 which had the lowest monthly median concentration of 1.7 mg/L for the month 
of July; 3.4 mg/L lower than the next lowest concentration which was at station 139.  The 
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highest median concentration of dissolved oxygen for every sample station was evident 
during the dry season for the months of December and January.   
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Figure 6.  Each sample station’s monthly dissolved oxygen median.  The monthly 
median for all 12 months over the entire study period [1991 – 2006, except Station 
151 (1992 – 2006) and Station 154 (2000 – 2006)]. 
 
 
 
 The seasonal trends were examined for dissolved oxygen for each sample station 
(Figures 7-A through 7-H).  For every sample station, the annual median concentration 
was lower during the wet season.  This decline in dissolved oxygen levels during the wet 
season could be the result of increased stormwater runoff which carries sediment into the 
river and warmer temperatures, both reducing the ability of oxygen to dissolve in the 
water.  The opposite was determined in the study by Sliva and Williams (2001), 
conducted in Ontario, Canada, which determined that dissolved oxygen was highest 
during Ontario’s wet season (spring) and lowest in the dry season (summer).  However, 
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they were unable to show any correlation between dissolved oxygen and land use which 
they attributed to temporal variability (Sliva and Williams, 2001).   
 Station 74 tended to have the largest difference in annual median concentrations 
between the wet and the dry seasons, with an average difference of 2.7 mg/L.  Station 74 
also exhibited the lowest overall annual median concentrations for each season with all 
values less than 6.1 mg/L.  As indicated before, this could be due to higher salinity in this 
portion of the river or due to the time of day the samples were collected when compared 
to the other stations.  In any case, the degraded dissolved oxygen at this station should be 
further investigated.   
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Figure 7-A.  Dry versus wet annual seasonal median trends of dissolved oxygen 
(mg/L) for station 74. 
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Figure 7-B.  Dry versus wet annual seasonal median trends of dissolved oxygen 
(mg/L) for station 111. 
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Figure 7-C.  Dry versus wet annual seasonal median trends of dissolved oxygen 
(mg/L) for station 114. 
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Figure 7-D.  Dry versus wet annual seasonal median trends of dissolved oxygen 
(mg/L) for station 115. 
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Figure 7-E.  Dry versus wet annual seasonal median trends of dissolved oxygen 
(mg/L) for station 116. 
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Figure 7-F.  Dry versus wet annual seasonal median trends of dissolved oxygen 
(mg/L) for station 139. 
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Figure 7-G.  Dry versus wet annual seasonal median trends of dissolved oxygen 
(mg/L) for station 151. 
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Figure 7-H.  Dry versus wet annual seasonal median trends of dissolved oxygen 
(mg/L) for station 154. 
 
 
 Analysis of the datasets for dissolved oxygen revealed that sample station 116 had 
a statistically significant decreasing trend (p-value = 0.0278) over the study period with 
an estimated annual trend of -0.0527 mg/year (Table 3).  This provides evidence that the 
water quality is slowly degrading over time; however, from the review of the descriptive 
statistics from this site, the median dissolved oxygen sample results indicate this water 
quality variable is still being maintained over the minimum state standard of 5.0 mg/L.  
None of the other sample stations were determined to have significant trends in the 
overall dissolved oxygen data. 
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Table 3.  Modified Seasonal Kendall trend test results (significance level α = 0.05) 
for dissolved oxygen by sample station.   
Station N Z-statistic 
modified 
Seasonal 
Kendall  
p-value 
Seasonal 
Kendall slope 
estimator Trend 
74 192 -0.6215 0.5343 -0.0087 No Trend 
111 192 0.5150 0.6065 0.0107 No Trend 
114 192 -0.3677 0.7131 0.0000 No Trend 
115 192 -1.8113 0.0701 -0.0323 No Trend 
116 192 -2.2004 0.0278 -0.0527 Decreasing 
139 192 -1.5731 0.1157 -0.0333 No Trend 
151 180 0.8251 0.4093 0.0284 No Trend 
154 84 -1.4312 0.1524 -0.0967 No Trend 
 
 
Turbidity 
 According to state standards for Class III surface waters, turbidity should be 
maintained less than or equal to 29 NTU above natural background conditions (Rule 62-
302, F.A.C.).  The descriptive statistics for turbidity showed the greatest deviation from 
the mean at sample station 74 with a mean concentration of 6.06 NTU ± 6.13 (Table 4-
A).  This indicates that at this station, turbidity concentrations showed the highest 
variability.  Some of this high variability may have led to depressed dissolved oxygen 
levels that were exhibited at this station since dissolved oxygen is less easily dissolved in 
waters with high suspended solids.  Stations 111 and 115 had the highest median 
concentration of turbidity out of all the sample stations over the entire study period with a 
concentration of 6.00 NTU (Tables 4-B and 4-D).  All of the sample stations had a higher 
median turbidity concentration during the first half of the study period when grouped by 
land use years which provides evidence of improvement in water quality for this variable 
during the second half of the study period (Tables 4-A through 4-H).
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Table 4-A.  Descriptive statistics of turbidity (NTU) for station 74. Separated by 
year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use information 
[1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study period [1991-2006 
(n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 13.17 6.50 2.00 - 76.00 20.32 
1992 6.17 5.50 1.00 - 12.00 3.64 
1993 5.08 4.00 3.00 - 9.00 2.11 
1994 6.75 6.00 4.00 - 16.00 3.44 
1995 4.83 4.50 3.00 - 8.00 1.40 
1996 5.25 5.00 3.00 - 10.00 2.30 
1997 7.50 7.00 3.00 - 12.00 2.58 
1998 7.58 6.00 3.00 - 26.00 6.19 
1999 5.17 4.00 2.00 - 12.00 3.07 
2000 5.42 4.50 2.00 - 13.00 3.26 
2001 5.50 5.50 2.00 - 8.00 2.02 
2002 5.08 4.00 2.00 - 12.00 3.00 
2003 6.14 4.44 1.75 - 20.00 4.80 
2004 6.06 4.15 1.70 - 17.70 4.37 
2005 3.73 3.70 2.70 - 5.20 0.67 
2006 3.48 3.15 2.20 - 6.20 1.13 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 7.06 5.10 1.00 - 76.00 9.44 
Dry 5.56 5.00 1.70 - 26.00 3.38 
Grouped by Land Use Years 
Land Use 
Years Mean Median Range 
Standard 
Deviation 
1991-1998 7.04 5.50 1.00 - 76.00 7.98 
1999-2006 5.07 4.00 1.70 - 20.00 3.13 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 6.06 5.00 1.00 - 76.00 6.13 
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Table 4-B.  Descriptive statistics of turbidity (NTU) for station 111. Separated by 
year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use information 
[1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study period [1991-2006 
(n=192)]. 
Group by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 10.42 8.50 3.00 - 28.00 7.17 
1992 8.50 6.50 3.00 - 23.00 5.65 
1993 6.08 5.00 3.00 - 13.00 3.00 
1994 9.58 7.00 4.00 - 21.00 5.99 
1995 7.08 5.00 3.00 - 22.00 5.38 
1996 5.08 4.50 2.00 - 9.00 2.31 
1997 8.08 5.75 2.00 - 29.00 7.03 
1998 6.08 5.00 4.00 - 12.00 2.64 
1999 5.58 3.50 2.00 - 17.00 4.60 
2000 6.00 6.00 2.00 - 14.00 3.57 
2001 6.58 7.00 4.00 - 8.00 1.38 
2002 14.25 9.50 3.00 - 56.00 14.40 
2003 5.50 5.35 2.56 - 9.00 2.08 
2004 5.20 4.25 0.90 - 11.10 3.24 
2005 5.38 3.95 1.10 - 21.60 5.62 
2006 4.64 2.55 0.80 - 20.20 5.68 
Group by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 8.36 7.00 2.00 - 29.00 5.57 
Dry 6.51 5.00 0.80 - 56.00 6.28 
Group by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 7.61 6.00 2.00 - 29.00 5.33 
1999-2006 6.64 5.45 0.80 - 56.00 6.78 
Group by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 7.13 6.00 0.80 - 56.00 6.10 
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Table 4-C.  Descriptive statistics of turbidity (NTU) for station 114. Separated by 
year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use information 
[1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study period [1991-2006 
(n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 7.75 3.50 1.00 - 23.00 8.05 
1992 7.58 4.00 1.00 - 41.00 11.56 
1993 5.83 4.50 1.00 - 16.00 5.13 
1994 5.33 5.00 1.00 - 12.00 4.03 
1995 5.75 4.50 2.00 - 17.00 4.79 
1996 3.67 3.00 1.00 - 11.00 2.67 
1997 3.67 4.00 1.00 - 9.00 2.46 
1998 5.50 3.50 2.00 - 15.00 4.40 
1999 4.00 2.50 1.00 - 10.00 3.41 
2000 2.50 1.50 1.00 - 9.00 2.39 
2001 3.83 3.00 1.00 - 14.00 3.71 
2002 5.67 4.50 2.00 - 14.00 3.17 
2003 6.86 5.00 1.55 - 18.00 4.72 
2004 7.40 3.80 1.10 - 27.20 7.82 
2005 5.41 4.10 2.10 - 16.00 4.17 
2006 5.73 2.40 0.90 - 26.00 8.12 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 7.60 5.35 1.00 - 26.00 5.67 
Dry 4.31 3.00 0.90 - 41.00 5.24 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 5.64 4.00 1.00 - 41.00 6.03 
1999-2006 5.17 3.80 0.90 - 27.20 5.14 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 5.40 4.00 0.90 - 41.00 5.59 
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Table 4-D.  Descriptive statistics of turbidity (NTU) for station 115. Separated by 
year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use information 
[1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study period [1991-2006 
(n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 12.33 9.00 1.00 - 26.00 8.92 
1992 11.00 6.00 3.00 - 39.00 10.74 
1993 8.00 7.50 2.00 - 16.00 4.16 
1994 7.58 8.50 1.00 - 15.00 4.36 
1995 7.17 6.50 4.00 - 11.00 2.72 
1996 6.92 5.50 2.00 - 17.00 4.27 
1997 6.67 7.00 1 .00- 24.00 6.04 
1998 9.00 9.00 3.00 - 16.00 4.20 
1999 6.17 4.50 2.00 - 15.00 4.28 
2000 3.17 2.00 1.00 - 8.00 2.25 
2001 5.25 3.50 1.00 - 18.00 5.59 
2002 8.25 6.50 2.00 - 23.00 6.20 
2003 8.75 7.12 3.99 - 15.00 4.11 
2004 8.17 6.20 2.60 - 19.80 5.67 
2005 5.63 5.80 3.50 - 7.70 1.16 
2006 6.01 3.60 1.60 - 24.50 6.73 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 10.45 9.00 2.00 - 26.00 5.80 
Dry 6.03 5.00 1.00 - 39.00 5.19 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 8.58 7.00 1.00 - 39.00 6.31 
1999-2006 6.42 5.05 1.00- 24.50 5.00 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 7.50 6.00 1.00 - 39.00 5.78 
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Table 4-E.  Descriptive statistics of turbidity (NTU) for station 116. Separated by 
year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use information 
[1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study period [1991-2006 
(n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 7.67 7.50 3.00 - 17.00 4.12 
1992 7.67 6.00 3.00 - 21.00 5.84 
1993 5.50 4.50 2.00 - 10.00 2.58 
1994 4.67 4.00 2.00 - 10.00 2.57 
1995 4.58 3.50 2.00 - 9.00 2.57 
1996 3.75 3.00 1.00 - 8.00 1.86 
1997 2.92 3.00 1.00 - 5.00 1.08 
1998 3.92 3.50 1.00 - 13.00 3.12 
1999 3.75 2.50 1.00 - 21.00 5.50 
2000 2.42 2.00 1.00 - 8.00 1.93 
2001 2.25 2.00 1.00 - 5.00 1.29 
2002 3.83 3.00 1.00 - 9.00 2.25 
2003 3.25 3.43 1.74 - 5.00 1.20 
2004 2.86 2.55 1.30 - 5.04 1.36 
2005 2.29 2.30 1.70 - 2.90 0.40 
2006 3.69 2.00 1.00 - 14.30 4.09 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 5.14 4.00 1.00 - 21.00 3.62 
Dry 3.52 3.00 1.00 - 21.00 3.04 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 5.08 4.00 1.00 - 21.00 3.55 
1999-2006 3.04 2.25 1.00 - 21.00 2.73 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 4.06 3.00 1.00 - 21.00 3.32 
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Table 4-F.  Descriptive statistics of turbidity (NTU) for station 139. Separated by 
year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use information 
[1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study period [1991-2006 
(n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 6.42 5.50 4.00 - 12.00 2.39 
1992 6.58 6.50 3.00 - 12.00 2.75 
1993 4.58 4.00 2.00 - 13.00 2.81 
1994 4.50 4.00 2.00 - 9.00 2.15 
1995 4.67 5.00 2.00 - 10.00 2.06 
1996 4.83 5.00 2.00 - 10.00 1.99 
1997 3.83 3.50 2.00 - 7.00 1.53 
1998 4.25 4.00 2.00 - 9.00 2.01 
1999 4.33 3.00 1.00 - 13.00 4.05 
2000 1.50 1.00 1.00 - 4.00 0.90 
2001 2.56 2.38 1.00 - 5.00 1.37 
2002 2.67 3.00 1.00 - 4.00 0.89 
2003 3.88 3.63 2.00 - 6.00 1.34 
2004 3.93 3.70 2.40 - 5.70 1.14 
2005 3.29 3.30 1.70 - 4.50 0.82 
2006 2.86 2.70 1.80 - 4.00 0.73 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 4.70 4.00 1.00 - 13.00 2.86 
Dry 3.72 3.45 1.00 - 13.00 1.92 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 4.96 5.00 2.00 - 13.00 2.36 
1999-2006 3.13 3.00 1.00 - 13.00 1.89 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 4.04 3.85 1.00 - 13.00 2.32 
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Table 4-G.  Descriptive statistics of turbidity (NTU) for station 151. Separated by 
year (n=12), season [wet (n=60) vs. dry (n=120)], grouped by land use information 
[1992-1998 (n=84) and 1999-2006 (n=96)], and by the entire study period [1992-2006 
(n=180)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1992 7.08 6.50 1.00 - 24.00 5.66 
1993 3.92 3.50 2.00 - 10.00 2.11 
1994 6.58 5.50 2.00 - 15.00 4.19 
1995 4.58 4.00 2.00 - 11.00 2.78 
1996 3.00 3.00 1.00 - 4.00 0.95 
1997 3.25 2.00 1.00 - 7.00 2.42 
1998 4.75 4.00 3.00 - 9.00 1.96 
1999 3.25 3.00 1.00 - 5.00 1.29 
2000 4.00 3.00 1.00 - 11.00 2.98 
2001 5.38 5.00 2.00 - 11.00 2.44 
2002 5.08 4.50 2.00 - 12.00 2.78 
2003 5.25 4.64 2.75 - 12.00 2.67 
2004 4.82 3.80 2.10 - 9.86 2.71 
2005 4.04 3.10 2.30 - 6.80 1.73 
2006 5.25 2.40 1.10 - 31.40 8.43 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 5.86 4.24 1.00 - 31.40 4.48 
Dry 4.09 3.10 1.00 - 24.00 2.83 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1992-1998 4.74 4.00 1.00 - 24.00 3.43 
1999-2006 4.63 4.00 1.00 - 31.40 3.69 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1992-2006 4.68 4.00 1.00 - 31.40 3.56 
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Table 4-H.  Descriptive statistics of turbidity (NTU) for station 154.  Separated by 
year (n=12), season [wet (n=28) vs. dry (n=56)], and by the entire study period 
[2000-2006 (n=84)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
2000 4.17 3.50 1.00 - 10.00 2.89 
2001 4.42 3.00 1.00 - 12.00 3.87 
2002 4.58 4.50 2.00 - 8.00 1.62 
2003 4.40 3.43 1.30 - 14.00 3.33 
2004 5.37 3.95 1.30 - 18.00 4.74 
2005 5.31 3.90 1.50 - 22.10 5.49 
2006 5.83 3.45 1.30 - 26.40 7.33 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 7.43 5.45 2.00 - 26.40 5.30 
Dry 3.59 3.00 1.00 - 22.10 3.23 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
2000-2006 4.87 3.83 1.00 - 26.40 4.40 
 
 When comparing the monthly median turbidity concentration for each station 
(Figure 8), there is evidence of seasonal fluctuations in median concentration with several 
of the station’s trends peaking during the wet season, around July and August.  This 
indicates that water quality with respect to turbidity is degraded during the wet season.  
The increased levels during the wet season are likely due to increased stormwater runoff 
and stream flow which causes more particles to be suspended in the water column.  The 
most dramatic increase in median concentration during the wet season was noted for 
stations 114 and 115.  The highest overall monthly median concentration was for station 
115 with a turbidity concentration of 12.7 NTU during the month of July (Figure 8).   
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Figure 8.  Each sample station’s monthly turbidity median.  For all 12 months over 
the entire study period [1991 – 2006, except Station 151 (1992-2006) and Station 154 
(2000-2006)] for the water quality parameter turbidity. 
 
 Figures 9-A through 9-H show that the annual median turbidity trend for the wet 
season was typically higher than the dry season and also exhibited greater variability in 
median concentrations.  It is also interesting to note that the trend in median 
concentration of turbidity was often in the opposite direction between the wet and the dry 
seasons.  For instance, at station 115 (Figure 9-D), the trend in the annual median 
concentration in 1994 decreased in the dry season while it increased in the wet season; 
the opposite happened at this station between 1996 and 1998.  The cause of these 
opposite seasonal trends is unknown.   
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Figure 9-A.  Dry versus wet annual seasonal median trends of turbidity (NTU) for 
station 74. 
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Figure 9-B.  Dry versus wet annual seasonal median trends of turbidity (NTU) for 
station 111. 
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Figure 9-C.  Dry versus wet annual seasonal median trends of turbidity (NTU) for 
station 114. 
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Figure 9-D.  Dry versus wet annual seasonal median trends of turbidity (NTU) for 
station 115. 
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Figure 9-E.  Dry versus wet annual seasonal median trends of turbidity (NTU) for 
station 116. 
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Figure 9-F.  Dry versus wet annual seasonal median trends of turbidity (NTU) for 
station 139. 
 
 70 
0
5
10
15
20
25
1992 1994 1996 1998 2000 2002 2004 2006
Year
Tu
rb
id
ity
 
(N
TU
)
Dry Season
Wet Season
 
Figure 9-G.  Dry versus wet annual seasonal median trends of turbidity (NTU) for 
station 151. 
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Figure 9-H.  Dry versus wet annual seasonal median trends of turbidity (NTU) for 
station 154. 
 
The results of the statistical analysis of turbidity from each sample station 
revealed half of the sample stations exhibited a statistically significant trend over the 
entire study period.  Sample stations 74, 111, 116, and 139 had overall statistically 
significant decreasing trends with the greatest magnitude of the estimated slope occurring 
at station 116 (estimated slope of -0.2000 NTU/year) (Table 5).  This is the opposite 
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result of what had been determined in a previous report conducted between 1974 and 
1995 which showed turbidity increasing at station 116 (SWFWMD, 2001).  This is a 
good sign that turbidity values are beginning to turn around and that water quality for this 
variable is improving in the South Prong of the Alafia River, in the upper portion of 
Turkey Creek, and at the mouth of the river.  The remaining stations (stations 114, 115, 
151 and 154) showed no significant trend over the study period. 
 
Table 5.  Modified Seasonal Kendall trend test results (significance level α = 0.05) 
for turbidity by sample station. 
Station N Z-statistic 
modified 
Seasonal 
Kendall  
p-value 
Seasonal Kendall 
slope estimator Trend 
74 192 -2.7886 0.0053 -0.1191 Decreasing 
111 192 -2.2405 0.0251 -0.1667 Decreasing 
114 192 -0.0753 0.9400 0.0000 No Trend 
115 192 -1.5029 0.1329 -0.1429 No Trend 
116 192 -3.2703 0.0011 -0.2000 Decreasing 
139 192 -2.6882 0.0072 -0.1667 Decreasing 
151 180 -0.8577 0.3911 0.0000 No Trend 
154 84 0.8709 0.3838 0.0675 No Trend 
 
Fecal Coliform 
 There did not appear to be any noticeable trends in the annual and land use 
grouped medians for fecal coliform for any sample station based on the descriptive 
statistics (Tables 6-A through 6-H).  The highest median concentration of fecal coliform 
for the entire study period was at sample station 111 with a concentration of 1050.00 
cfu/100mL (Table 6-B).  The overall mean concentration for this station (2084.38 
cfu/100mL) was much higher than the monthly mean state standard of 200 cfu/100mL 
and even the limit of 800 cfu/100mL on any one day (Rule 62-302, F.A.C.) (Table 6-B).  
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Very high fecal coliform sample results for this station have been noted previously in the 
studies conducted by Parsons Engineering Science, Inc. (2002) and the Southwest Florida 
Water Management District (2001).  The greatest variability from the mean concentration 
was also at station 111 with a mean concentration of 2084.38 cfu/100mL ± 4219.39 
(Table 6-B).  This indicates that fecal coliform levels at this station, on average, are not 
only higher at this station, but the concentrations also vary more from the mean than any 
other station, with concentrations reaching as high as 38,000 cfu/100mL (Table 6-B).   
 Station 154 also had a high overall median fecal coliform concentration (240.00 
cfu/100mL) and an overall mean concentration above the monthly mean state standard of 
200 cfu/100mL with a concentration of 641.55 cfu/100mL (Table 6-H).  High fecal 
coliform concentrations were also noted for this site in the studies by Parsons 
Engineering Science, Inc. (2002) and Southwest Florida Water Management District 
(2001).  Although these concentrations were not as high as those observed at station 111, 
they are still above state standards and sources of the high bacteria should be further 
investigated.   
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Table 6-A.  Descriptive statistics of fecal coliform (cfu/100mL) for station 74.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 186.67 145.00 10.00 - 590.00 155.52 
1992 270.00 35.00 10.00 - 2000.00 571.81 
1993 131.67 100.00 10.00 - 400.00 117.92 
1994 302.75 200.00 10.00 - 1333.00 370.60 
1995 100.00 80.00 10.00 - 480.00 127.14 
1996 100.83 80.00 10.00 - 240.00 82.62 
1997 29.17 10.00 10.00 - 200.00 54.52 
1998 131.67 45.00 10.00 - 1130.00 315.42 
1999 25.83 15.00 10.00 - 60.00 19.29 
2000 44.17 15.00 10.00 - 290.00 79.48 
2001 40.00 20.00 10.00 - 230.00 61.50 
2002 195.00 20.00 5.00 - 2000.00 569.47 
2003 182.92 120.00 10.00 - 1020.00 272.85 
2004 238.33 60.00 10.00 - 2020.00 564.93 
2005 60.83 50.00 10.00 - 240.00 63.60 
2006 74.17 30.00 10.00 - 360.00 100.95 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 142.31 60.00 5.00 - 1333.00 232.60 
Dry 127.03 40.00 5.00 - 2020.00 320.76 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 156.594 70 10.00 - 2000.00 283.092 
1999-2006 107.656 35 5.00 - 2020.00 303.598 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 132.13 42.50 5.00 - 2020.00 293.78 
 
 74 
Table 6-B.  Descriptive statistics of fecal coliform (cfu/100mL) for station 111.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Group by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 6891.67 2350.00 1000.00 - 30000.00 9174.81 
1992 4608.33 1000.00 100.00 - 38000.00 10601.07 
1993 608.33 300.00 100.00 - 1600.00 519.54 
1994 1158.33 900.00 100.00 - 3000.00 874.34 
1995 1450.00 1150.00 200.00 - 4100.00 1076.61 
1996 1033.33 900.00 200.00 - 3500.00 962.32 
1997 2200.00 1050.00 400.00 - 14500.00 3891.72 
1998 1508.33 1200.00 400.00 - 5800.00 1471.21 
1999 775.00 700.00 400.00 - 1200.00 280.02 
2000 1445.83 1387.50 100 .00- 3700.00 1006.62 
2001 3181.25 1750.00 100.00 - 12500.00 3547.17 
2002 1581.25 1400.00 500.00 - 3900.00 958.83 
2003 3075.00 1350.00 500.00 - 20000.00 5403.72 
2004 1366.67 950.00 600.00 - 3400.00 841.36 
2005 758.33 750.00 200.00 - 1600.00 442.02 
2006 1708.33 1650.00 100.00 - 5500.00 1529.98 
Group by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 2418.36 1100.00 100.00 - 30000.00 4645.69 
Dry 1917.38 1000.00 100.00 - 38000.00 3998.05 
Group by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 2432.29 1000.00 100.00 - 38000.00 5417.02 
1999-2006 1736.46 1100.00 100.00 - 20000.00 2491.02 
Group by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 2084.38 1050.00 100.00 - 38000.00 4219.39 
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Table 6-C.  Descriptive statistics of fecal coliform (cfu/100mL) for station 114.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 1250.00 200.00 100.00 - 11500.00 3255.35 
1992 1341.67 150.00 100.00 - 12300.00 3484.63 
1993 115.00 100.00 60.00 - 240.00 49.08 
1994 115.00 100.00 20.00 - 300.00 92.29 
1995 86.67 60.00 20.00 - 220.00 70.50 
1996 58.33 50.00 20.00 - 140.00 42.18 
1997 53.33 60.00 20.00 - 100.00 28.71 
1998 183.33 80.00 20.00 - 1140.00 310.17 
1999 45.00 40.00 20.00 - 80.00 22.76 
2000 230.00 50.00 20.00 - 1840.00 513.84 
2001 75.00 80.00 20.00 - 180.00 45.23 
2002 427.50 125.00 20.00 - 2340.00 689.60 
2003 557.50 100.00 40.00 - 4000.00 1149.16 
2004 1890.00 120.00 20.00 - 9300.00 3396.61 
2005 201.67 120.00 40.00 - 860.00 234.40 
2006 713.33 110.00 60.00 - 4000.00 1327.84 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 725.94 140.00 20.00 - 11500.00 1934.03 
Dry 325.47 80.00 20.00 - 12300.00 1361.47 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 400.42 100.00 20.00 - 12300.00 1708.33 
1999-2006 517.50 80.00 20.00 - 9300.00 1450.93 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 458.96 100.00 20.00 - 12300.00 1581.80 
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Table 6-D.  Descriptive statistics of fecal coliform (cfu/100mL) for station 115.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 958.33 550.00 200.00 - 3200.00 869.13 
1992 500.00 150.00 100.00 - 2800.00 781.61 
1993 100.00 100.00 20.00 - 200.00 55.27 
1994 115.00 40.00 20.00 - 420.00 146.50 
1995 116.67 100.00 20.00 - 340.00 89.78 
1996 73.33 20.00 20.00 - 300.00 84.14 
1997 135.00 60.00 20.00 - 600.00 175.01 
1998 198.33 140.00 80.00 - 540.00 150.99 
1999 78.33 50.00 20.00 - 200.00 62.93 
2000 65.00 40.00 20.00 - 200.00 56.65 
2001 55.00 40.00 20.00 - 180.00 51.96 
2002 292.50 155.00 40.00 - 1280.00 396.88 
2003 469.17 105.00 40.00 - 4000.00 1118.81 
2004 438.33 80.00 20.00 - 1600.00 663.19 
2005 96.67 90.00 20.00 - 220.00 61.99 
2006 635.00 70.00 20.00 - 4000.00 1284.00 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 421.25 100.00 20.00 - 4000.00 876.07 
Dry 195.00 100.00 20.00 - 2800.00 359.41 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 274.58 100.00 20.00 - 3200.00 502.97 
1999-2006 266.25 60.00 20.00- 4000.00 672.04 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 270.42 100.00 20.00 - 4000.00 592.02 
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Table 6-E.  Descriptive statistics of fecal coliform (cfu/100mL) for station 116.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 1008.33 400.00 100.00 - 8200.00 2275.35 
1992 416.67 250.00 100.00 - 1800.00 489.59 
1993 86.67 100.00 20.00 - 140.00 35.51 
1994 71.67 30.00 20.00 - 320.00 88.81 
1995 181.67 100.00 20.00 - 620.00 185.95 
1996 64.17 60.00 20.00 - 180.00 44.61 
1997 101.67 70.00 20.00 - 300.00 98.15 
1998 130.00 70.00 20.00 - 520.00 161.25 
1999 81.67 80.00 20.00 - 140.00 34.60 
2000 391.67 80.00 20.00 - 4000.00 1137.00 
2001 51.67 50.00 20.00 - 120.00 31.29 
2002 222.50 95.00 10.00 - 1140.00 312.62 
2003 152.50 100.00 40.00 - 500.00 125.85 
2004 555.00 70.00 20.00 - 3600.00 1108.58 
2005 53.33 40.00 20.00 - 120.00 39.39 
2006 738.33 70.00 20.00 - 4000.00 1440.57 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 478.59 100.00 20.00 - 8200.00 1288.48 
Dry 164.53 80.00 10.00 - 3600.00 375.72 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 257.60 100.00 20.00 - 8200.00 854.21 
1999-2006 280.83 80.00 10.00 - 4000.00 777.20 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 269.22 80.00 10.00 - 8200.00 814.55 
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Table 6-F.  Descriptive statistics of fecal coliform (cfu/100mL) for station 139.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 750.00 400.00 100.00 - 2600.00 830.66 
1992 225.00 150.00 100.00 - 700.00 205.05 
1993 123.33 100.00 80.00 - 300.00 63.15 
1994 268.33 80.00 20.00 - 2340.00 655.30 
1995 115.00 60.00 20.00 - 640.00 172.28 
1996 111.67 90.00 20.00 - 300.00 90.03 
1997 223.33 170.00 20.00 - 960.00 251.08 
1998 108.33 90.00 20.00 - 280.00 78.84 
1999 181.67 130.00 60.00 - 660.00 169.16 
2000 326.67 200.00 40.00 - 1060.00 345.60 
2001 248.33 190.00 20.00 - 700.00 203.51 
2002 318.33 130.00 60.00 - 1170.00 344.85 
2003 96.67 80.00 40.00 - 280.00 66.51 
2004 171.67 100.00 20.00 - 1000.00 267.03 
2005 136.67 140.00 20.00 - 280.00 88.15 
2006 603.33 200.00 40.00 - 2400.00 789.15 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 304.38 120.00 20.00 - 2600.00 559.84 
Dry 223.59 120.00 20.00 - 2200.00 297.33 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 240.63 100.00 20.00 - 2600.00 433.96 
1999-2006 260.42 130.00 20.00 - 2400.00 374.75 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 250.52 120.00 20.00 - 2600.00 404.50 
 
 79 
Table 6-G.  Descriptive statistics of fecal coliform (cfu/100mL) for station 151.  
Separated by year (n=12), season [wet (n=60) vs. dry (n=120)], grouped by land use 
information [1992-1998 (n=84) and 1999-2006 (n=96)], and by the entire study 
period [1992-2006 (n=180)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1992 2225.00 450.00 100.00 - 20000.00 5650.60 
1993 165.00 100.00 20.00 - 500.00 135.95 
1994 188.33 110.00 20.00 - 680.00 221.48 
1995 93.33 40.00 20.00 - 580.00 158.94 
1996 73.33 30.00 20.00 - 420.00 113.24 
1997 130.00 20.00 20.00 - 940.00 261.95 
1998 305.00 60.00 20.00 - 2700.00 757.47 
1999 55.00 40.00 20.00 - 140.00 41.89 
2000 557.50 70.00 20.00 - 4000.00 1146.87 
2001 300.00 190.00 20.00 - 1440.00 399.43 
2002 435.00 120.00 20.00 - 3080.00 883.58 
2003 673.33 195.00 40.00 - 4000.00 1137.21 
2004 838.33 190.00 40.00 - 5800.00 1613.14 
2005 250.00 240.00 20.00 - 680.00 219.01 
2006 498.33 80.00 20.00 - 4400.00 1238.08 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 391.25 140.00 20.00 - 4400.00 780.94 
Dry 483.13 70.00 20.00 - 20000.00 1961.21 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1992-1998 454.29 90.00 20.00 - 20000.00 2205.59 
1999-2006 450.94 120.00 20.00 - 5800.00 974.78 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1992-2006 452.50 100.00 20.00 - 20000.00 1661.31 
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Table 6-H.  Descriptive statistics of fecal coliform (cfu/100mL) for station 154.  
Separated by year (n=12), season [wet (n=28) vs. dry (n=56)], and by the entire 
study period [2000-2006 (n=84)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
2000 580.00 300.00 100.00 - 4000.00 1082.42 
2001 356.67 170.00 20.00 - 920.00 341.53 
2002 373.33 355.00 20.00 - 740.00 235.77 
2003 596.67 210.00 60.00 - 4000.00 1095.53 
2004 1389.17 210.00 60.00 - 10200.00 2890.13 
2005 505.00 160.00 40.00 - 4000.00 1114.76 
2006 690.00 300.00 100.00 - 4000.00 1163.02 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 1164.64 230.00 40.00 - 10200.00 2184.72 
Dry 380.00 240.00 20.00 - 4000.00 554.60 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
2000-2006 641.55 240.00 20.00 - 10200.00 1376.57 
 
 Review of the monthly median fecal coliform concentrations over the entire study 
period revealed that there does not appear to be seasonal variability in concentrations 
over the study period (Figure 10).  However, there was an obvious difference in monthly 
median fecal coliform concentration between sample station 111 and the rest of the 
stations.  The lowest monthly median concentration for station 111 (800 cfu/100mL) was 
still 440 cfu/100mL higher than the next largest value at station 154 and was much higher 
than the monthly mean state standard of 200 cfu/100mL (Rule 62-302, F.A.C.) (Figure 
10).  The highest overall monthly median concentration was at station 111 during the 
month of December; however, this trend was not present at the other stations. 
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Figure 10.  Each sample station’s monthly fecal coliform median.  For all 12 months 
over the entire study period [1991 – 2006, except Station 151 (1992 – 2006) and 
Station 154 (2000 – 2006)] for the water quality parameter fecal coliform. 
 
 For the annual seasonal median trends in fecal coliform (Figures 11-A through 
11-H), there was not a distinguishable difference in the overall trends between the wet 
and the dry seasons.  However, every sample station did show substantial peaks in annual 
seasonal median concentration during the wet season, with most of the peaks exhibited in 
the very beginning and at the end of the study period.  This indicates that the river is 
likely being affected by high surges of fecal coliform runoff from the land during the wet 
season for those years.  Sources of fecal coliform are animal wastes on agricultural lands 
and pet and human wastes (from septic systems) from residential lands which can be 
carried to the river during storm events.   
 While most stations had seasonal median concentrations around 500 cfu/100mL 
or below, except for the peaks in the wet season, station 111 had much greater variability 
and overall substantially higher concentrations.  The highest annual seasonal median 
concentration for station 111 was in the 1991 wet season with a value off the chart at 
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14,000 cfu/100mL (Figure 11-B).  As indicated before, fecal coliform has historically 
been a problem at this station and specific sources of bacteria in the contributing zone of 
this station should be further investigated, especially during the wet season.   
0
500
1000
1500
2000
2500
1991 1993 1995 1997 1999 2001 2003 2005
Year
Fe
ca
l C
o
lif
o
rm
 
(cf
u
/1
00
m
L)
Dry Season
Wet Season
 
Figure 11-A.  Dry versus wet annual seasonal median trends of fecal coliform 
(cfu/100mL) for station 74. 
 
0
500
1000
1500
2000
2500
1991 1993 1995 1997 1999 2001 2003 2005
Year
Fe
ca
l C
o
lif
o
rm
 
(cf
u
/1
00
m
L)
Dry Season
Wet Season
 
Figure 11-B.  Dry versus wet annual seasonal median trends of fecal coliform 
(cfu/100mL) for station 111.  The wet season median value outside the graph range 
for 1991 was 14,000 cfu/100mL. 
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Figure 11-C.  Dry versus wet annual seasonal median trends of fecal coliform 
(cfu/100mL) for station 114. 
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Figure 11-D.  Dry versus wet annual seasonal median trends of fecal coliform 
(cfu/100mL) for station 115. 
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Figure 11-E.  Dry versus wet annual seasonal median trends of fecal coliform 
(cfu/100mL) for station 116. 
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Figure 11-F.  Dry versus wet annual seasonal median trends of fecal coliform 
(cfu/100mL) for station 139. 
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Figure 11-G.  Dry versus wet annual seasonal median trends of fecal coliform 
(cfu/100mL) for station 151. 
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Figure 11-H.  Dry versus wet annual seasonal median trends of fecal coliform 
(cfu/100mL) for station 154. 
 
 Based on the statistical analysis of fecal coliform from each sample station, it was 
determined that no significant trends were present over the study period (Table 7).  
Although there were no statistically significant trends detected in the datasets over the 
entire study period, fecal coliform has exhibited trends as noted earlier with large spikes 
in concentration during the wet season, particularly during the beginning and end of the 
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study period, and a much higher monthly median trend at station 111 than at the other 
stations (Figures 10 and 11-A through 11-H).  It is likely that the spikes in levels during 
the wet season are due to greater amounts of fecal coliform polluted stormwater runoff 
during certain years when compared to others.  Also, the historically high fecal coliform 
levels at station 111 should be further investigated to determine the specific source of 
bacteria contributing to this station.   
 
Table 7.  Modified Seasonal Kendall trend test results (significance level α = 0.05) 
for fecal coliform by sample station. 
Station N Z-statistic 
modified 
Seasonal 
Kendall p-value 
Seasonal Kendall 
slope estimator Trend 
74 192 -1.5325 0.1254 -1.2917 No Trend 
111 192 0.2085 0.8349 0.0000 No Trend 
114 192 0.0799 0.9364 0.0000 No Trend 
115 192 -1.2798 0.2006 -3.3333 No Trend 
116 192 -1.2207 0.2222 -2.5000 No Trend 
139 192 -0.2277 0.8199 0.0000 No Trend 
151 180 0.7574 0.4488 0.0000 No Trend 
154 84 -1.1597 0.2462 -15.8333 No Trend 
 
Total Phosphorus 
 State standards for nutrients, including total phosphorus, indicate that the 
discharge of total phosphorus should be limited to prevent violations of other water 
quality standards and should not alter the natural population of aquatic flora and fauna 
(Rule 62-302, F.A.C.).  Review of the descriptive statistics showed that the total 
phosphorus median concentrations were higher during the first half of the study period 
for every sample site except 151 (which exhibited little variability between the land use 
groupings), when comparing the values grouped by land use years (Tables 8-A through 8-
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H).  This preliminary analysis indicated that total phosphorus improved at all stations 
over the second half of the study period when compared to the first half, while station 
151 only slightly degraded.  Sample station 154 showed the greatest deviation from the 
mean with a mean concentration of 2.67 mg/L ± 2.35 (Table 8-H) which means there is a 
lot of variability in concentrations at this station, while station 115 had the highest 
concentration of a single sample at 24.86 mg/L when comparing ranges (Table 8-D). 
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Table 8-A.  Descriptive statistics of total phosphorus (mg/L) for station 74. 
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 1.09 0.95 0.44 - 2.22 0.52 
1992 0.75 0.79 0.43 - 1.04 0.23 
1993 1.02 0.89 0.42 - 2.24 0.47 
1994 1.15 1.15 0.57 - 1.94 0.49 
1995 1.10 1.04 0.37 - 1.84 0.45 
1996 0.69 0.71 0.24 - 1.06 0.24 
1997 0.54 0.49 0.31 - 1.33 0.28 
1998 0.80 0.79 0.40 - 1.30 0.26 
1999 0.50 0.45 0.26 - 1.14 0.24 
2000 0.48 0.44 0.19 - 0.96 0.24 
2001 0.57 0.32 0.10 - 2.03 0.57 
2002 0.64 0.56 0.17 - 1.39 0.37 
2003 0.91 0.85 0.38 - 1.45 0.37 
2004 1.02 1.00 0.30 - 2.07 0.55 
2005 0.62 0.54 0.30 - 1.24 0.27 
2006 0.51 0.49 0.24 - 1.02 0.21 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 0.96 0.75 0.21 - 2.24 0.54 
Dry 0.68 0.61 0.10 - 1.76 0.33 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 0.89 0.80 0.24 - 2.24 0.43 
1999-2006 0.66 0.51 0.10 - 2.07 0.41 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 0.77 0.68 0.10 - 2.24 0.43 
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Table 8-B.  Descriptive statistics of total phosphorus (mg/L) for station 111.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Group by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 1.08 1.11 0.43 - 1.89 0.42 
1992 0.71 0.57 0.39 - 1.92 0.43 
1993 0.65 0.63 0.40 - 1.25 0.22 
1994 0.97 0.73 0.56 - 1.77 0.42 
1995 0.89 0.78 0.61 - 1.89 0.36 
1996 0.68 0.63 0.39 - 1.20 0.23 
1997 0.87 0.77 0.61 - 1.90 0.36 
1998 1.14 1.15 0.54 - 2.63 0.59 
1999 0.58 0.57 0.37 - 1.09 0.20 
2000 0.77 0.56 0.32 - 1.53 0.41 
2001 0.75 0.73 0.52 - 1.16 0.18 
2002 1.22 1.01 0.49 - 3.34 0.82 
2003 0.71 0.61 0.44 - 1.09 0.25 
2004 0.65 0.53 0.33 - 1.13 0.29 
2005 0.90 1.00 0.30 - 1.30 0.37 
2006 0.70 0.65 0.48 - 1.38 0.23 
Group by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 1.02 0.99 0.50 - 2.63 0.38 
Dry 0.73 0.62 0.30 - 3.34 0.41 
Group by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 0.87 0.75 0.39 - 2.63 0.42 
1999-2006 0.78 0.67 0.30 - 3.34 0.42 
Group by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 0.83 0.74 0.30 - 3.34 0.42 
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Table 8-C.  Descriptive statistics of total phosphorus (mg/L) for station 114.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 1.95 1.87 1.24 - 2.81 0.56 
1992 1.51 1.49 0.65 - 2.44 0.54 
1993 1.66 1.64 1.07 - 2.50 0.43 
1994 1.66 1.55 0.88 - 2.68 0.53 
1995 2.53 1.51 1.10 - 10.49 2.68 
1996 1.58 1.56 0.70 - 2.75 0.61 
1997 1.59 1.65 1.02 - 2.00 0.28 
1998 1.99 1.94 1.31 - 2.82 0.52 
1999 1.43 1.38 0.85 - 1.98 0.34 
2000 1.06 1.08 0.50 - 1.73 0.36 
2001 1.33 1.02 0.62 - 2.49 0.66 
2002 1.65 1.47 1.06 - 2.95 0.59 
2003 1.52 1.60 0.96 - 1.79 0.25 
2004 1.41 1.54 0.62 - 2.11 0.45 
2005 1.41 1.37 0.88 - 1.95 0.33 
2006 1.28 1.08 0.44 - 3.06 0.71 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 2.03 1.80 0.50 - 10.49 1.26 
Dry 1.38 1.36 0.44 - 2.82 0.41 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 1.81 1.60 0.65 - 10.49 1.07 
1999-2006 1.39 1.35 0.44 - 3.06 0.50 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 1.60 1.49 0.44 - 10.49 0.86 
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Table 8-D.  Descriptive statistics of total phosphorus (mg/L) for station 115.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 4.89 4.75 3.44 - 6.81 1.02 
1992 3.71 3.51 2.41 - 4.99 0.81 
1993 3.71 3.68 2.27 - 4.76 0.80 
1994 3.63 3.13 2.62 - 6.20 1.20 
1995 5.78 3.82 2.41 - 24.86 6.12 
1996 3.85 3.66 2.60 - 5.45 0.91 
1997 3.56 3.29 2.24 - 5.45 0.81 
1998 4.90 4.86 3.47 - 6.14 0.90 
1999 3.34 3.42 2.19 - 4.67 0.86 
2000 2.90 2.64 2.05 - 6.11 1.11 
2001 3.22 3.28 0.67 - 5.38 1.27 
2002 3.41 3.05 1.78 - 5.48 1.13 
2003 3.08 2.97 2.35 - 4.38 0.63 
2004 2.84 2.79 1.84 - 4.07 0.72 
2005 2.67 2.85 0.66 - 3.67 0.85 
2006 1.68 1.55 0.96 - 2.41 0.52 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 4.03 3.52 0.96 - 24.86 2.94 
Dry 3.35 3.32 0.66 - 6.81 1.13 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 4.25 3.79 2.24 - 24.86 2.38 
1999-2006 2.89 2.83 0.66 - 6.11 1.02 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 3.57 3.35 0.66 - 24.86 1.95 
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Table 8-E.  Descriptive statistics of total phosphorus (mg/L) for station 116.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 0.95 0.95 0.51 - 1.34 0.26 
1992 0.86 0.74 0.52 - 1.45 0.32 
1993 0.79 0.86 0.49 - .99 0.16 
1994 1.08 0.97 0.59 - 2.57 0.52 
1995 0.93 0.99 0.41 - 1.34 0.31 
1996 0.95 0.88 0.59 - 1.63 0.31 
1997 0.77 0.72 0.60 - 1.03 0.14 
1998 1.07 0.87 0.62 - 3.52 0.79 
1999 0.66 0.66 0.48 - .89 0.11 
2000 0.70 0.64 0.52 - 1.22 0.20 
2001 0.78 0.71 0.29 - 1.30 0.31 
2002 0.86 0.86 0.40 - 1.52 0.31 
2003 0.84 0.87 0.58 - 1.08 0.17 
2004 1.15 0.90 0.54 - 4.09 0.95 
2005 0.82 0.80 0.65 - 1.06 0.14 
2006 0.66 0.60 0.34 - 1.02 0.19 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 0.96 0.90 0.34 - 4.09 0.51 
Dry 0.82 0.73 0.29 - 3.52 0.34 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 0.92 0.87 0.41 - 3.52 0.40 
1999-2006 0.81 0.72 0.29 - 4.09 0.40 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 0.87 0.80 0.29 - 4.09 0.41 
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Table 8-F.  Descriptive statistics of total phosphorus (mg/L) for station 139.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 1.15 1.07 0.61 - 1.94 0.39 
1992 1.13 0.88 0.43 - 2.49 0.64 
1993 1.18 1.11 0.54 - 2.03 0.52 
1994 1.50 1.60 1.00 - 2.15 0.35 
1995 1.21 1.18 0.67 - 1.91 0.37 
1996 1.31 1.22 0.86 - 2.41 0.45 
1997 1.29 1.19 0.71 - 2.13 0.42 
1998 1.01 0.99 0.76 - 1.30 0.14 
1999 1.13 1.10 0.94 - 1.35 0.12 
2000 0.98 0.93 0.69 - 1.23 0.18 
2001 1.21 1.13 0.66 - 2.07 0.40 
2002 1.11 1.21 0.66 - 1.39 0.25 
2003 1.00 0.96 0.69 - 1.41 0.21 
2004 1.23 1.25 0.75 - 1.47 0.20 
2005 1.35 1.17 1.03 - 2.27 0.41 
2006 0.84 0.86 0.34 - 1.28 0.31 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 1.20 1.18 0.34 - 2.49 0.45 
Dry 1.14 1.08 0.43 - 2.41 0.34 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 1.22 1.12 0.43 - 2.49 0.44 
1999-2006 1.11 1.09 0.34 - 2.27 0.31 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 1.16 1.09 0.34 - 2.49 0.46 
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Table 8-G.  Descriptive statistics of total phosphorus (mg/L) for station 151.  
Separated by year (n=12), season [wet (n=60) vs. dry (n=120)], grouped by land use 
information [1992-1998 (n=84) and 1999-2006 (n=96)], and by the entire study 
period [1992-2006 (n=180)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1992 0.99 0.75 0.43 - 3.58 0.86 
1993 0.71 0.63 0.45 - 1.45 0.28 
1994 0.96 0.77 0.57 - 1.69 0.41 
1995 0.77 0.78 0.45 - 1.54 0.29 
1996 0.63 0.66 0.35 - 0.83 0.14 
1997 0.72 0.79 0.46 - 1.03 0.19 
1998 0.71 0.74 0.54 - 0.86 0.13 
1999 0.84 0.60 0.43 - 3.87 0.96 
2000 0.77 0.62 0.32 - 1.56 0.42 
2001 0.91 0.93 0.43 - 1.46 0.32 
2002 0.95 0.91 0.57 - 1.84 0.35 
2003 0.78 0.70 0.35 - 1.22 0.27 
2004 0.81 0.76 0.39 - 1.49 0.35 
2005 0.85 0.93 0.35 - 1.38 0.34 
2006 0.74 0.67 0.46 - 1.57 0.29 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 1.01 0.97 0.60 - 1.69 0.27 
Dry 0.71 0.62 0.32 - 3.87 0.46 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1992-1998 0.79 0.73 0.35 - 3.58 0.41 
1999-2006 0.83 0.74 0.32 - 3.87 0.45 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1992-2006 0.81 0.73 0.32 - 3.87 0.43 
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Table 8-H.  Descriptive statistics of total phosphorus (mg/L) for station 154.  
Separated by year (n=12), season [wet (n=28) vs. dry (n=56)], and by the entire 
study period [2000-2006 (n=84)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
2000 2.15 1.40 0.73 - 5.15 1.47 
2001 2.16 1.34 1.01 - 5.87 1.68 
2002 4.45 3.61 1.60 - 11.01 3.12 
2003 4.32 3.49 0.63 - 14.04 3.54 
2004 2.61 2.61 0.80 - 5.99 1.43 
2005 1.78 1.42 0.70 - 5.33 1.27 
2006 1.19 0.88 0.40 - 2.88 0.75 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 3.67 3.25 0.93 - 11.01 2.20 
Dry 2.16 1.53 0.40 - 14.04 2.28 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
2000-2006 2.67 1.84 0.40 - 14.04 2.35 
 
 Examination of the monthly median concentrations of total phosphorus showed 
evidence of seasonal variability with the monthly trends being the highest during the wet 
season (Figure 12).  This seasonal variability in total phosphorus was also noted in the 
study by Fraser (1986) and Qian et al. (2007a; 2007b) also observed higher total 
phosphorus concentrations in the wet season in their study of water quality in the 
Southern Indian River Lagoon, Florida.  Higher total phosphorus loading during the wet 
season may be attributed to polluted stormwater runoff.   
The greatest fluctuations in monthly median total phosphorus concentration 
occurred at sample stations 114, 115, and 154 (Figure 12), located in the main portion 
and the North Prong of the Alafia River (Figure 5).  The highest monthly median 
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concentration of total phosphorus was at station 154 with a concentration of 5.15 mg/L 
for the month of September.  Two of the stations located downstream of this station, 
stations 115 and 114, exhibited similar trends by having the next highest peaks in 
monthly median concentration.  However, station 115 had overall higher monthly median 
total phosphorus concentrations than any other station.  These results indicate that the 
North Prong of the river and downstream into the main section of the river are more 
degraded for total phosphorus than the other portions of the river, especially during the 
wet season. 
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Figure 12.  Each sample station’s monthly total phosphorus median.  For all 12 
months over the entire study period [1991 – 2006, except Station 151 (1992 – 2006) 
and Station 154 (2000 – 2006)] for the water quality parameter total phosphorus. 
 
 As noted from the examination of the monthly medians, total phosphorus annual 
seasonal median trends were typically higher during the wet season for every sample 
station (Figures 13-A through 13-H).  As indicated above, previous studies by Frasier 
(1986) and Qian et al. (2007a; 2007b) have also noted seasonal variability in total 
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phosphorus levels.  Sources of total phosphorus can be from excessive use of fertilizers, 
animal and human wastes [from septic systems and wastewater residuals application 
(SWFWMD, 2001)], and phosphate mining.  The total phosphorus annual seasonal 
median concentrations were noticeably much higher and more variable at station 115 
compared to the other stations; however, it appears the trends in concentration at this 
station for both seasons have decreased over the study period (Figure 13-D).  A similar 
trend was evident for station 154 where the concentrations peaked around 2002 and 2003 
for both seasons; and they began to decrease towards the end of the study period in 2006 
(Figure 13-H).  This indicates that although total phosphorus was high at both of these 
stations, water quality for this parameter has been improving.   
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Figure 13-A.  Dry versus wet annual seasonal median trends of total phosphorus 
(mg/L) for station 74. 
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Figure 13-B.  Dry versus wet annual seasonal median trends of total phosphorus 
(mg/L) for station 111. 
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Figure 13-C.  Dry versus wet annual seasonal median trends of total phosphorus 
(mg/L) for station 114. 
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Figure 13-D.  Dry versus wet annual seasonal median trends of total phosphorus 
(mg/L) for station 115. 
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Figure 13-E.  Dry versus wet annual seasonal median trends of total phosphorus 
(mg/L) for station 116. 
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Figure 13-F.  Dry versus wet annual seasonal median trends of total phosphorus 
(mg/L) for station 139. 
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Figure 13-G.  Dry versus wet annual seasonal median trends of total phosphorus 
(mg/L) for station 151. 
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Figure 13-H.  Dry versus wet annual seasonal median trends of total phosphorus 
(mg/L) for station 154. 
 
 
 Total phosphorus was shown to have a statistically significant trend at three 
sample stations while the remaining five did not have a significant trend over the study 
period.  Sample stations 74, 114, and 115 had a decreasing trend with station 115 having 
the greatest magnitude with an estimated slope of -0.1233 mg/year (Table 9).  This 
provides evidence that water quality is improving at these sample stations, especially 
station 115.  This is a good sign since examination of the descriptive statistics and 
monthly median trends had indicated that this station had the highest single sample 
concentration and overall monthly median trend concentrations, respectively, when 
compared to the other stations.  The SWFWMD (2001) observed similar decreasing 
trends at stations 74, 114, and 115, but also observed decreasing trends at stations 116 
and 139 based on water quality data from these stations between 1974 and 1995.   
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Table 9.  Modified Seasonal Kendall trend test results (significance level α = 0.05) 
for total phosphorus by sample station. 
Station N Z-statistic 
modified 
Seasonal 
Kendall  
p-value 
Seasonal Kendall 
slope estimator Trend 
74 192 -1.9930 0.0463 -0.0238 Decreasing 
111 192 -0.4252 0.6707 -0.0031 No Trend 
114 192 -2.3605 0.0182 -0.0293 Decreasing 
115 192 -3.2376 0.0012 -0.1233 Decreasing 
116 192 -1.5497 0.1212 -0.0086 No Trend 
139 192 -0.5602 0.5753 -0.0039 No Trend 
151 180 0.2716 0.7860 0.0010 No Trend 
154 84 -0.7979 0.4249 -0.1079 No Trend 
 
Total Nitrogen 
 As with total phosphorus, the state standard for total nitrogen indicates that the 
discharge of total nitrogen should be limited to prevent violations of other water quality 
standards and should not alter the natural population of aquatic flora and fauna (Rule 62-
302, F.A.C.).  For every sample station except stations 74 and 111, the median 
concentration of total nitrogen was higher during the second half of the study period than 
the first half when grouped by land use years (Tables 10-A through 10-H).  This implies 
that total nitrogen at most of the stations declined during the second half of the study 
period when compared to the first half.  Possible sources of total nitrogen are from animal 
and human wastes (from septic systems), fertilizer in stormwater runoff, and atmospheric 
deposition.  The highest median concentration of total nitrogen over the entire study 
period was at station 111 with a value of 3.24 mg/L (Table 10-B).  The highest total 
nitrogen concentration from a single sample was at station 151 with a value of 7.50 mg/L 
(Table 10-G) with station 111 just below that with a concentration of 7.35 mg/L (Table 
10-B).  
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Table 10-A.  Descriptive statistics of total nitrogen (mg/L) for station 74.  Separated 
by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Group by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 1.10 1.12 0.46 - 1.58 0.33 
1992 1.11 1.03 0.83 - 1.65 0.24 
1993 1.16 1.16 0.68 - 1.78 0.35 
1994 1.61 1.64 0.35 - 2.29 0.48 
1995 1.23 1.36 0.58 - 1.70 0.38 
1996 1.44 1.16 0.74 - 3.23 0.83 
1997 1.01 0.96 0.75 - 1.53 0.24 
1998 1.10 1.08 0.77 - 1.43 0.26 
1999 0.96 0.89 0.70 - 1.32 0.19 
2000 1.20 1.20 0.35 - 2.19 0.46 
2001 1.13 1.09 0.71 - 2.21 0.41 
2002 1.36 1.20 0.76 - 3.02 0.66 
2003 1.28 1.29 0.96 - 1.69 0.17 
2004 1.48 1.31 0.51 - 4.03 0.95 
2005 0.94 1.04 0.56 - 1.38 0.28 
2006 0.82 0.86 0.11 - 1.20 0.30 
Group by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 1.29 1.22 0.69 - 3.01 0.42 
Dry 1.13 1.06 0.11 - 4.03 0.52 
Group by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 1.22 1.16 0.35 - 3.23 0.46 
1999-2006 1.15 1.14 0.11 - 4.03 0.52 
Group by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 1.18 1.15 0.11 - 4.03 0.49 
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Table 10-B.  Descriptive statistics of total nitrogen (mg/L) for station 111.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Group by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 2.75 2.57 1.08 - 5.15 1.12 
1992 2.86 2.66 2.02 - 4.05 0.64 
1993 3.05 3.02 1.16 - 4.64 0.87 
1994 3.13 3.18 2.33 - 4.00 0.45 
1995 3.38 3.39 2.23 - 4.74 0.76 
1996 3.85 3.95 0.74 - 6.25 1.32 
1997 3.42 3.35 1.78 - 4.52 0.68 
1998 3.83 4.03 2.49 - 5.31 1.05 
1999 3.50 3.41 1.36 - 4.97 0.93 
2000 3.72 3.53 1.20 - 7.35 1.61 
2001 3.35 3.24 2.42 - 4.94 0.77 
2002 3.41 3.61 2.20 - 4.20 0.61 
2003 2.71 2.60 1.03 - 3.58 0.68 
2004 2.90 2.75 2.07 - 4.18 0.67 
2005 2.98 2.78 2.24 - 4.15 0.66 
2006 3.70 3.49 2.15 - 5.65 1.23 
Group by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 3.04 2.79 1.03 - 5.14 0.89 
Dry 3.41 3.34 0.74 - 7.35 0.98 
Group by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 3.28 3.33 0.74 - 6.25 0.95 
1999-2006 3.28 3.16 1.03 - 7.35 0.98 
Group by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 3.28 3.24 0.74 - 7.35 0.96 
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Table 10-C.  Descriptive statistics of total nitrogen (mg/L) for station 114.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 1.8942 1.89 1.49 - 2.63 0.31047 
1992 1.795 1.72 1.38 - 2.35 0.30243 
1993 1.3717 1.305 1.13 - 1.85 0.22695 
1994 1.4008 1.355 1.15 - 2.09 0.2521 
1995 1.4383 1.455 1.18 - 2.04 0.24071 
1996 1.5925 1.545 1.24 - 2.26 0.30224 
1997 1.8481 1.795 1.30 - 2.46 0.34531 
1998 1.8642 1.88 1.28 - 2.37 0.33926 
1999 1.6683 1.65 1.28 - 2.00 0.24094 
2000 2.1117 2.125 1.45 - 2.56 0.3013 
2001 1.9875 2.035 1.24 - 2.55 0.32017 
2002 1.6683 1.472 1.35 - 2.41 0.38059 
2003 1.8197 1.9156 1.03 - 2.54 0.46097 
2004 2.165 1.7 1.30 - 5.01 1.05784 
2005 1.9154 1.9135 1.43 - 2.50 0.35092 
2006 2.0314 2.0795 1.00 - 2.80 0.46995 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 1.6775 1.5665 1.00 - 2.63 0.38782 
Dry 1.8399 1.84 1.06 - 5.01 0.49002 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 1.6506 1.5787 1.13 - 2.63 0.35233 
1999-2006 1.9209 1.91 1.00 - 5.01 0.52108 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 1.7858 1.771 1.00 - 5.01 0.46385 
 
 106 
Table 10-D.  Descriptive statistics of total nitrogen (mg/L) for station 115.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 1.48 1.49 0.87 - 2.24 0.38 
1992 1.25 1.14 0.76 - 2.11 0.41 
1993 1.23 1.19 0.98 - 1.76 0.23 
1994 1.24 1.26 0.54 - 1.64 0.27 
1995 1.47 1.38 1.10 - 3.07 0.52 
1996 1.26 1.32 0.88 - 1.52 0.21 
1997 1.60 1.59 1.21 - 2.10 0.31 
1998 1.73 1.81 1.22 - 2.10 0.30 
1999 1.87 1.46 1.15 - 5.31 1.19 
2000 1.76 1.77 1.08 - 2.33 0.37 
2001 1.57 1.41 0.90 - 3.00 0.58 
2002 1.43 1.35 0.89 - 2.17 0.37 
2003 1.53 1.51 1.03 - 1.72 0.20 
2004 2.03 1.60 0.86 - 4.86 1.10 
2005 2.07 1.97 1.37 - 3.23 0.58 
2006 1.80 1.78 1.02 - 2.37 0.42 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 1.46 1.39 0.89 - 2.75 0.35 
Dry 1.64 1.47 0.54 - 5.31 0.67 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 1.41 1.34 0.54 - 3.07 0.37 
1999-2006 1.76 1.61 0.86 - 5.31 0.70 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 1.58 1.47 0.54 - 5.31 0.59 
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Table 10-E.  Descriptive statistics of total nitrogen (mg/L) for station 116.  
Separated by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 1.25 1.23 0.90 - 1.70 0.21 
1992 1.27 1.28 0.80 - 1.66 0.29 
1993 0.97 0.99 0.60 - 1.34 0.24 
1994 0.86 0.92 0.44 - 1.22 0.27 
1995 0.85 0.85 0.54 - 1.28 0.22 
1996 1.16 0.95 0.69 - 2.79 0.61 
1997 1.16 1.18 0.85 - 1.48 0.21 
1998 1.00 0.97 0.72 - 1.70 0.27 
1999 1.07 1.00 0.87 - 1.39 0.17 
2000 0.97 0.99 0.45 - 1.83 0.36 
2001 1.07 1.06 0.51 - 2.20 0.45 
2002 1.18 1.11 0.93 - 1.83 0.24 
2003 1.25 1.09 0.86 - 1.71 0.35 
2004 1.40 1.21 0.92 - 3.71 0.75 
2005 1.09 1.06 0.98 - 1.25 0.09 
2006 1.33 1.31 0.79 - 1.64 0.26 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 1.22 1.16 0.67 - 2.20 0.30 
Dry 1.07 1.03 0.44 - 3.71 0.39 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 1.06 1.00 0.44 - 2.79 0.34 
1999-2006 1.17 1.10 0.45 - 3.71 0.39 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 1.12 1.08 0.44 - 3.71 0.37 
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Table 10-F.  Descriptive statistics of total nitrogen (mg/L) for station 139.  Separated 
by year (n=12), season [wet (n=64) vs. dry (n=128)], grouped by land use 
information [1991-1998 (n=96) and 1999-2006 (n=96)], and by the entire study 
period [1991-2006 (n=192)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1991 1.69 1.67 1.12 - 2.36 0.35 
1992 1.82 1.74 1.38 - 2.61 0.34 
1993 1.11 1.02 0.76 - 1.70 0.28 
1994 1.17 1.29 0.59 - 1.83 0.41 
1995 0.92 0.92 0.65 - 1.49 0.23 
1996 0.91 0.89 0.44 - 1.30 0.25 
1997 1.21 1.12 0.76 - 1.77 0.37 
1998 1.09 0.89 0.62 - 3.29 0.72 
1999 1.30 1.25 0.81 - 2.24 0.45 
2000 1.49 1.49 1.06 - 2.05 0.29 
2001 1.53 1.37 0.97 - 3.17 0.61 
2002 1.50 1.36 0.90 - 2.37 0.46 
2003 1.05 1.06 0.84 - 1.32 0.10 
2004 1.33 1.35 0.90 - 1.67 0.21 
2005 1.54 1.54 0.90 - 2.31 0.33 
2006 1.50 1.53 0.87 - 2.27 0.42 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 1.32 1.23 0.78 - 3.29 0.49 
Dry 1.32 1.35 0.44 - 2.37 0.45 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1991-1998 1.24 1.08 0.44 - 3.29 0.50 
1999-2006 1.41 1.37 0.81 - 3.17 0.41 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1991-2006 1.32 1.31 0.44 - 3.29 0.46 
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Table 10-G.  Descriptive statistics of total nitrogen (mg/L) for station 151.  
Separated by year (n=12), season [wet (n=60) vs. dry (n=120)], grouped by land use 
information [1992-1998 (n=84) and 1999-2006 (n=96)], and by the entire study 
period [1992-2006 (n=180)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
1992 2.27 2.26 0.28 - 7.50 1.85 
1993 1.68 1.82 0.54 - 2.86 0.70 
1994 1.73 1.84 0.25 - 2.41 0.58 
1995 1.77 1.82 0.75 - 2.63 0.50 
1996 1.57 1.61 0.72 - 2.84 0.63 
1997 1.23 0.67 0.18 - 2.76 1.02 
1998 1.79 1.71 0.75 - 2.86 0.68 
1999 1.93 1.93 0.32 - 3.87 1.04 
2000 1.78 1.61 0.32 - 4.08 1.03 
2001 1.84 1.80 0.30 - 3.18 0.81 
2002 1.99 2.20 0.63 - 3.22 0.76 
2003 1.69 1.74 1.03 - 2.04 0.25 
2004 1.89 1.96 1.49 - 2.15 0.20 
2005 2.11 1.95 1.50 - 3.20 0.57 
2006 2.32 2.21 1.02 - 4.16 0.88 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 1.68 1.18 0.40 - 3.14 0.63 
Dry 1.92 1.81 0.18 - 7.50 0.95 
Grouped by Land Use Years 
Land Use Years Mean Median Range 
Standard 
Deviation 
1992-1998 1.72 1.76 0.18 - 7.50 0.97 
1999-2006 1.95 1.86 0.30 - 4.16 0.75 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
1992-2006 1.84 1.81 0.18 - 7.50 0.86 
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Table 10-H.  Descriptive statistics of total nitrogen (mg/L) for station 154.  
Separated by year (n=12), season [wet (n=28) vs. dry (n=56)], and by the entire 
study period [2000-2006 (n=84)]. 
Grouped by Year 
Year Mean Median Range 
Standard 
Deviation 
2000 2.81 2.84 1.21 - 3.93 0.71 
2001 2.37 2.35 0.79 - 4.22 0.91 
2002 2.07 2.06 1.15 - 3.28 0.55 
2003 2.47 2.55 1.03 - 3.52 0.58 
2004 2.48 2.57 1.46 - 4.06 0.84 
2005 2.89 2.86 1.60 - 3.79 0.64 
2006 2.79 2.89 0.98 - 4.13 0.88 
Grouped by Season 
Season Mean Median Range 
Standard 
Deviation 
Wet 2.16 2.01 0.98 - 3.79 0.67 
Dry 2.75 2.76 0.79 - 4.22 0.74 
Grouped by Entire Study Period 
Years Mean Median Range 
Standard 
Deviation 
2000-2006 2.55 2.56 0.79 - 4.22 0.77 
 
 While total phosphorus exhibited seasonal fluctuations with the monthly trend 
peaking during the wet season, total nitrogen tended to dip during the wet season (Figure 
14).  As shown in Figure 14, sample stations 111, 114,115, 139, and 154 all tended to dip 
to their lowest monthly median concentration around July or August.  Upon comparison 
of the monthly trends between each of the stations, station 111 had the average highest 
monthly median total nitrogen concentrations each month with station 154 being the next 
highest.  Both of these stations have shown high total nitrogen and high fecal coliform 
values during the study period.  This provides evidence that there are strong water 
pollution sources from animal and/or human waste in the contributing zones of these 
stations.   
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Figure 14.  Each sample station’s monthly total nitrogen median.  For all 12 months 
over the entire study period [1991 – 2006, except Station 151 (1992 – 2006) and 
Station 154 (2000 – 2006)] for the water quality parameter total nitrogen. 
 
 The seasonal median trends for total nitrogen (Figures 15-A through 15-H) did 
not vary much between the wet and dry seasons for all of the sample stations except 
station 154, which had a definite separation in concentrations.  While two stations, 
(stations 74 and 116) (Figures 15-A and 15-E), had higher annual seasonal median total 
nitrogen trends in the wet season, most of the stations (stations 111, 114, 115, 151, and 
154) had higher trends during the dry season (Figures 15-B through 15-D, 15-G, and 15-
H).  Although it would be expected that total nitrogen levels would be higher during the 
wet season due to increased stormwater pollution, similar to total phosphorus; total 
nitrogen and nitrate levels have been shown to be negatively correlated to water 
discharge in the study by Kebede et al. (2003) and Lehrter (2006), respectively, and both 
correlations were attributed to the effects of dilution.  Sample station 139 had a higher 
trend in the wet season for the first half of the study period and had a higher trend in the 
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dry season for the second half of the study period, but overall did not have a 
distinguishable difference between the seasons (Figure 15-F).  Station 111 overall had the 
highest annual seasonal median concentrations compared to all other stations (Figure 15-
B).   
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Figure 15-A.  Dry versus wet annual seasonal median trends of total nitrogen (mg/L) 
for station 74. 
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Figure 15-B.  Dry versus wet annual seasonal median trends of total nitrogen (mg/L) 
for station 111. 
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Figure 15-C.  Dry versus wet annual seasonal median trends of total nitrogen (mg/L) 
for station 114. 
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Figure 15-D.  Dry versus wet annual seasonal median trends of total nitrogen (mg/L) 
for station 115. 
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Figure 15-E.  Dry versus wet annual seasonal median trends of total nitrogen (mg/L) 
for station 116. 
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Figure 15-F.  Dry versus wet annual seasonal median trends of total nitrogen (mg/L) 
for station 139. 
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Figure 15-G.  Dry versus wet annual seasonal median trends of total nitrogen 
(mg/L) for station 151. 
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Figure 15-H.  Dry versus wet annual seasonal median trends of total nitrogen 
(mg/L) for station 154. 
 
 
 The statistical analysis of total nitrogen at each sample station revealed a 
statistically significant increasing trend at sample stations 114, 115, and 151 with the 
greatest magnitude of the slope estimated at station 115 (slope estimate of 0.0353 
mg/year) (Table 11).  This provides evidence that water quality is slowly degrading at 
these sample stations.  Previous technical reports indicated that sample analysis from 
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Lithia Springs, located upstream of station 114, have shown excessive nitrate levels (Berg 
et al., 2003; FDEP, 1998) with evidence of a gradual increase over time (Berge et al., 
2003).  Since total nitrogen concentration is determined by adding nitrate/nitrite levels to 
total kjeldahl nitrogen levels, then the excessive and rising nitrate levels discharging from 
Lithia Springs could be a strong source of the increasing total nitrogen at this sample 
station.  The increased total nitrogen concentrations at station 151 is likely due to the high 
levels coming from upstream at station 111.  Since total nitrogen is increasing with the 
highest magnitude at station 115, possible sources of nitrogen contributing to this station 
should be further investigated.  The remaining five stations did not have a significant 
trend over the study period.   
 
Table 11.  Modified Seasonal Kendall trend test results (significance level α = 0.05) 
for total nitrogen by sample station. 
Station N Z-statistics 
modified 
Seasonal 
Kendall  
p-value 
Seasonal 
Kendall slope 
estimator Trend 
74 192 -1.4229 0.1548 -0.0115 No Trend 
111 192 0.3879 0.6981 0.0072 No Trend 
114 192 2.0803 0.0375 0.0256 Increasing 
115 192 2.8990 0.0037 0.0353 Increasing 
116 192 1.2194 0.2227 0.0115 No Trend 
139 192 0.5313 0.5952 0.0079 No Trend 
151 180 2.0028 0.0452 0.0252 Increasing 
154 84 0.9144 0.3605 0.0510 No Trend 
 
Land Use Trends 
 In Table A-1 and Figures 16-A through 16-H, it is evident that in 1990, the 
highest proportions of land use coverage in the contributing zone were of wetlands, 
particularly at stations 74, 114, 115, 116, and 139.  These sample stations are located 
 117 
along the main section of the Alafia River, at the split of the North and South Prongs, and 
further upstream in the South Prong.  Wetlands provide benefits to water quality by 
slowing down the speed of stormwater runoff as well as uptake nutrients in the runoff.   
 In 1990, the highest proportions of agricultural land use were at station 111 with a 
proportion of 0.5167 [located in the upper portion of Turkey Creek (Figure 5)] and at 
station 154 with a proportion of 0.3991 [located in the northeastern portion of the 
watershed (Figure 5)] with the majority of it being crop and pastureland for both stations 
(Table A-1).  Agricultural land use has previously been shown to be a large contributor to 
nutrient loads in the study area, especially phosphorus (Parsons Engineering Science, 
Inc., 2002).  Both of these stations exhibited higher concentrations of nutrients with 
station 111 high in total nitrogen and station 154 high in both total nitrogen and total 
phosphorus (Figures 12 and 14, respectively).  For station 151 in 1990, urban and built-
up land usage was the highest proportion at 0.8798; however, most of this usage was 
reclaimed land from past mining operations and very little was from low density 
residential land use (Table A-1). 
 In 1999, the predominant land use types began to shift from wetlands to urban and 
built-up land use (Table A-1), particularly at station 139 (Figure 16-F).  When comparing 
the percent change in the proportion of land use for each station between 1990 and 1999, 
the proportions of wetlands have decreased for each station except station 115, which 
increased by 2.77% (Table A-2).  The proportion of urban and built-up land use increased 
for every station between 1990 and 1999 with the highest percent change occurring at 
station 154 at 83.18% (Table A-2).  Residential land use has been shown to be positively 
correlated with fecal coliform concentrations (Sliva and Williams, 2001) and a strong 
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contributor of nitrate (Basnyat et al., 1999).  Fecal coliform and total nitrogen were both 
shown to be high at station 154 (Figures 10 and 14, respectively) and may be the result of 
the increase in urban and built-up land use in the contributing zone of this station.   
While rangeland did not comprise a large proportion of land use coverage for any 
station in 1990 and 1999, there was a decrease in this land use coverage for every station 
between 1990 and 1999, except station 151 which did not contain this land use type in 
either year (Tables A-1 and A-2 and Figures 16-A through 16-H).  Rangeland comprises 
mainly shrub and brushland and dry prairies.  This type of land use also benefits water 
quality by removing pollutants from stormwater runoff and when decreased, it could 
negatively affect water quality. 
 In 2006, it becomes even more evident that the land use coverage shifted more 
towards urban and built-up land use with stations 74, 139, 151, and 154 all having this 
type of land use as the highest proportion (Table A-1 and Figures 16-A, and 16-F through 
16-H).  From 1999 to 2006, the percent change in urban and built-up land use had again 
increased for every station with the greatest change at station 111 at 34.35% (Table A-2 
and Figures 16-A through 16-H).  This increase in the proportion of urban and built-up 
land use at this station may be contributing to the increase in fecal coliform from the first 
half of the study period to the second half that was noted from the descriptive statistics 
for this station (Table 6-B).   
For every station, the amount of agricultural land use decreased, while wetlands 
appeared to recover a little between 1999 and 2006 (Table A-2 and Figures 16-A through 
16-H).  The highest percent change in the proportion of land use between 1999 and 2006 
was for barren land use at station 114 which had a 3098445.08% increase (Table A-2).  
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The proportion of barren land use changed for this station from 0.000007 to 0.0097 
between 1999 and 2006 (Table A-1 and Figure 16-C).  Although the percent change in 
the proportion of this land use type at station 114 increased substantially, it still only 
comprised a small portion of the contributing zone of this station and likely would not 
have a great effect on water quality.   
 Overall, between 1990 and 2006, there was a decrease in the proportion of 
agricultural land use for every station, with the highest reduction noted at station 151 (in 
the lower portion of Turkey Creek) at 47.78% (Table A-2).  During this time period, there 
was also a reduction in rangeland at every station except station 151 which did not 
contain any rangeland (Table A-2 and Figures 16-A through 16-H).  There was also a 
decrease in wetland land use for every station except 115 which was shown to have an 
overall 0.19% increase in proportion (Table A-2 and Figures 16-A through 16-H).  This 
increase in the proportion of wetlands may be contributing to the decreasing trend in total 
phosphorus at this station (Table 9).  Urban and built-up land use over the entire study 
period has been shown to have increased at every station in the Alafia River, with the 
highest change in proportion at station 154 with an increase of 140.63% (Table A-2 and 
Figures 16-A through 16-H).  
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Figure 16-A.  Changes in the proportions of land use at station 74.  The proportion 
is the part of the entire contributing zone that is represented by each land use type.  
The years are each of the land use years used in this study. 
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Figure 16-B.  Changes in the proportions of land use at station 111.  The proportion 
is the part of the entire contributing zone that is represented by each land use type.  
The years are each of the land use years used in this study. 
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Figure 16-C.  Changes in the proportions of land use at station 114.  The proportion 
is the part of the entire contributing zone that is represented by each land use type.  
The years are each of the land use years used in this study. 
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Figure 16-D.  Changes in the proportions of land use at station 115.  The proportion 
is the part of the entire contributing zone that is represented by each land use type.  
The years are each of the land use years used in this study. 
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Figure 16-E.  Changes in the proportions of land use at station 116.  The proportion 
is the part of the entire contributing zone that is represented by each land use type.  
The years are each of the land use years used in this study. 
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Figure 16-F.  Changes in the proportions of land use at station 139.  The proportion 
is the part of the entire contributing zone that is represented by each land use type.  
The years are each of the land use years used in this study. 
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Figure 16-G.  Changes in the proportions of land use at station 151.  The proportion 
is the part of the entire contributing zone that is represented by each land use type.  
The years are each of the land use years used in this study. 
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Figure 16-H.  Changes in the proportions of land use at station 154.  The proportion 
is the part of the entire contributing zone that is represented by each land use type.  
The years are each of the land use years used in this study. 
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Summary and Conclusions 
 
 Water quality data for the parameters of dissolved oxygen, turbidity, fecal 
coliform, total phosphorus, and total nitrogen were examined both graphically and 
statistically to determine temporal trends in data from the Alafia River.  The water quality 
data was preliminarily studied based on the descriptive statistics [mean, median, range 
(minimum to maximum), and standard deviation] for each site with the intention of 
examining the distinguishing features of the datasets.  The water quality data was 
graphically represented to depict monthly and seasonal trends with the seasons defined as 
the wet season (June through September) and the dry season (January through May and 
October through December) (SWFWMD, 2001).  The water quality data was also 
statistically analyzed using the modified Seasonal Kendall test for trend to determine 
whether there were statistically significant trends in the datasets and in which direction 
the trends were heading.  Land use data from the contributing zone of the Alafia River 
was also examined for 1990, 1999, and 2006 using geographic information systems. 
 
Water Quality Seasonal Trends 
 Overall, water quality was degraded more during the wet season than the dry 
season for every water quality parameter except fecal coliform, which showed no overall 
season trend, and total nitrogen, which was higher during the dry season (Table 12).  
Analysis of the datasets for turbidity revealed that there was a higher and more variable 
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trend exhibited by each of the sample stations during the wet season with monthly trends 
generally peaking around the month of July.  However, all of the overall median 
concentrations for each sample station were generally low (≤ 6.0 NTU).  It was also 
noted that although there was no distinguishable overall trend between seasons for any of 
the sample stations for fecal coliform, very high peaks in median annual seasonal 
concentration were exhibited during the wet season.  Total phosphorus was shown to 
typically have higher median concentrations during the wet season than the dry season.  It 
was noted that total nitrogen for the majority of the sample stations, had higher 
concentrations during the dry season as opposed to the wet season (Table 12).  This trend 
in total nitrogen was noted previously in the study by Kebede et al. (2003) which 
attributed the lower wet season concentrations to dilution from high stream flow.   
 
Table 12.  Water quality seasonal trend summaries.   
Parameter Seasonality Seasonal Trend Comments 
Dissolved 
Oxygen 
Yes Lower Wet  
Turbidity Yes Higher & More 
Variable in Wet 
Monthly trends peaking around 
July.  Overall, turbidity generally 
low (≤ 6 NTU) 
Fecal Coliform No N/A High peaks in wet season 
Total 
Phosphorus 
Yes Higher Wet  
Total Nitrogen Yes Higher Dry Previous study (Kebede et al., 
2003) where total nitrogen 
decreased with increased water 
discharge 
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Overall Trends by Sample Station 
 For sample station 74 [located at the mouth of the Alafia River (Figure 5)], there 
was an obvious separation in monthly median dissolved oxygen concentrations when 
compared to the rest of the stations.  This station’s median concentration of dissolved 
oxygen over the entire study period (4.6 mg/L) was lower than the state standard of 5.0 
mg/L for Class III fresh water bodies (Rule 62-302, F.A.C.) and single sample results for 
this station showed the levels have dipped much lower (to 0.20 mg/L).  Some of the low 
levels of dissolved oxygen could be attributed to samples being collected from this 
station earlier in the morning than the other stations, when photosynthesis is low.  Also, 
this station is located at the mouth of the river and higher salinity levels can lower 
dissolved oxygen.  Although there has been an increase in the proportion of urban and 
built-up land use in the contributing zone of this station, there have been improvements in 
water quality for turbidity and total phosphorus, as indicated by statistically significant 
decreasing trends resulting from the modified Seasonal Kendall test.  This could possibly 
be attributed to the decrease in agricultural land use and increase in upland forest in the 
contributing zone of this station.   
 For sample station 111 [located in the upper portion of Turkey Creek (Figure 5)], 
although water quality was shown to be improving with a statistically significant decrease 
in turbidity; fecal coliform and total nitrogen remained high at this station.  Fecal 
coliform concentrations at this station (overall median concentration of 1050.00 
cfu/100mL) were much higher than any other station.  The overall mean fecal coliform 
concentration at this station (2084.38 cfu/100mL) was much higher than the state 
monthly average standard of 200 cfu/100mL and also higher than the single sample limit 
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of 800 cfu/100mL (Rule 62-302, F.A.C).  Very high fecal coliform sample results for this 
station have been noted previously in the study conducted by the SWFWMD (2001).  
This station also had the highest total nitrogen median concentration over the entire study 
period (3.24 mg/L) than any other station.  The highest proportion of land use for this 
station throughout the entire study period was agricultural land use.  Agricultural land has 
been shown to be a strong contributor of nitrogen within contributing zones in studies 
conducted by Basnyat et al. (1999) and Johnson et al. (1997).  It was also determined that 
urban and built-up land use has increased in the contributing zone of this station over the 
study period which could be the cause of higher total nitrogen and fecal coliform 
concentrations from animal and human wastes (septic systems). 
 Station 114 [located in the main portion of the Alafia River (Figure 5)] was shown 
to have improving water quality for total phosphorus with a statistically significant 
decreasing trend.  A decreasing trend was also noted between 1974 and 1995 in the 
Comprehensive Watershed Management Plan by the Southwest Florida Water 
Management District (2001).  Although water quality was shown to be improving for 
total phosphorus, total nitrogen declined at this station with a statistically significant 
increasing trend.  The main proportion of land use in the contributing zone of this station 
is wetlands, which have only slightly decreased over the study period.  It is expected the 
wetlands would work to filter out the nutrients from stormwater runoff, which would 
explain the reduction in total phosphorus at this station, but it does not explain the 
increasing trend in total nitrogen.  Previous technical reports indicated that sample 
analysis from Lithia Springs, located upstream of station 114, have shown excessive 
nitrate levels (Berg et al., 2003; FDEP, 1998) with evidence of a gradual increase over 
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time (Berge et al., 2003).  Since total nitrogen concentration is determined by adding 
nitrate/nitrite levels to total kjeldahl nitrogen levels, then the excessive and rising nitrate 
levels discharging from Lithia Springs could be a strong source of the increasing total 
nitrogen at this sample station.   
 At station 115 [located in the North Prong, just upstream of the split from the 
main section of the Alafia River and upstream of station 114 (Figure 5)], the overall total 
phosphorus monthly median concentrations were higher at this station than any other 
station.  Although the total phosphorus levels are high, this station has a statistically 
significant decreasing trend with water quality generally improving for this variable.  A 
similar decreasing trend in phosphorus levels at this station was noted between 1974 and 
1995 in the Comprehensive Watershed Management Plan by the SWFWMD (2001).  The 
predominant proportion of land use in the contributing zone of this station was wetlands.  
Over the period of study, the proportion of wetlands for this station increased [percent 
change of 0.19% (Table A-2)].  The ability of the wetland plants to uptake nutrients is 
likely to be helping reduce total phosphorus at this station. 
 Station 116 [located in the South Prong, just upstream of the split from the main 
section of the Alafia River and upstream of station 114 (Figure 5)] showed a statistically 
significant decreasing trend in dissolved oxygen (slope estimate of -0.0527mg/year) 
(Table 3).  This information provides evidence that water quality for this variable is 
degrading at this station; however, the magnitude of the trend is low and examination of 
the descriptive statistics showed that annual median concentrations have stayed above the 
state standard of 5.0 mg/L (Rule 62-302, F.A.C.).  Turbidity was shown to be improving 
at this station with a statistically significant decrease in concentration.  These results are 
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the opposite of what had been determined in a previous report conducted between 1974 
and 1995 which showed turbidity increasing that this station (SWFWMD, 2001).  This is 
a good sign that turbidity values are beginning to turn around and that water quality for 
this variable is improving.  The highest proportion of land use for the contributing zone 
of this station is wetlands.    
 At sample station 139 [located in the South Prong of the Alafia River, upstream of 
station 116 (Figure 5)], there was also a statistically significant decrease in turbidity.  
This affirms that water quality, with respect to turbidity, is improving overall in the South 
Prong of the Alafia River.  The highest proportion of land use in the contributing zone for 
this station is urban and built-up and the proportion of this type of land use has risen over 
the study period (by 29.85%) (Table A-2).  However, the urban and built-up areas are 
mainly low-density residential land use with less than two units per acre.   
 Station 151 [located in the lower portion of Turkey Creek, downstream of station 
111 (Figure 5)], was shown to have a statistically significant increase in total nitrogen 
over the study period.  This indicates that water quality for this parameter is degrading at 
this station.  Although the main land use type in the contributing zone of this station is 
urban and built-up, that land is reclaimed land from previous mining operations.  The 
reclaimed land appears to be helping remove the high fecal coliform levels exhibited 
upstream at station 111 and reduce the amount seen at this station.  Since station 111 is 
located upstream of this station and the total nitrogen levels were shown to be high there, 
the reclaimed land might be helping reduce the amount reaching this station, but the 
vegetation may be reaching its threshold for uptake, causing levels to rise at this station.   
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 At station 154 [located in the North Prong, upstream of station 115 (Figure 5)], 
although there were no statistically significant trends exhibited at this station, higher 
concentrations of fecal coliform, total phosphorus, and total nitrogen were exhibited at 
this station.  The median concentration of fecal coliform for this station over the entire 
study period (240.00 cfu/100mL) (Table 6-H) was the second highest median 
concentration out of all of the stations (the highest at station 111).  Monthly median total 
phosphorus values tended to have a strong peak during the wet season.  Monthly median 
total nitrogen values were also the second highest out of all the stations (the highest at 
station 111).  The predominant proportion of land use in the contributing zone of this 
station over the study period has changed from agricultural to now urban and built-up.  
The urban and built-up area for this station includes, but is not limited to, low residential, 
industrial, golf courses, extractive, and commercial land uses.  The previously higher 
agricultural areas or the now high proportion of urban land use could be contributing to 
the excessive nutrients and bacteria.   
 
Research Goals 
 The goal of this research was to determine the spatial and temporal trends in water 
quality in the Alafia River watershed and to determine how those trends relate to land use 
within the contributing zone of the river.  This analysis was conducted for eight separate 
sample stations throughout the river to locally analyze sections of the river as well as 
make comparisons between sample stations.  The major conclusions from this study are: 
 
1. Water quality in the Alafia River has varied over time, specifically: 
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a. By season:  Dissolved oxygen was overall lower in the wet season than 
in the dry season, turbidity and total phosphorus were higher in the wet 
season than the dry season, fecal coliform had high peaks in the wet 
season and not in the dry season, and total nitrogen was generally 
higher in the dry season than in the wet season for most of the river.  
 
b. By land use years (1991-1998 and 1999-2006):  Dissolved oxygen did 
not change much between the first eight years and the second eight 
years of the study period.  Turbidity and total phosphorus median 
concentrations were higher in the first half of the study period 
compared to the second half.  Total nitrogen was higher the second 
half of the study period compared to the first half for the majority of 
the sample stations, and fecal coliform varied for each sample station 
with the stations on Turkey Creek (stations 111 and 151) and the South 
Prong headwaters (station 139) having a higher median concentration 
during the second half of the study period and the others, the opposite.   
 
c. Over the entire study period (1991-2006):  Dissolved oxygen was 
determined to be degrading at station 116 with an overall decreasing 
trend.  Turbidity had a statistically significant decreasing trend at 
stations 74, 111, 116, and 139; thereby, improving water quality for 
this variable at these stations.  Fecal coliform was determined to have 
no statistically significant trends.  While total phosphorus was shown 
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to be improving with statistically significant decreasing trends at 
stations 74, 114, and 115; water quality for total nitrogen was 
generally degrading with overall increasing trends at stations 114, 115, 
and 151. 
 
2. The proportion of land use within the “contributing zone” of the Alafia 
River watershed was shown to be predominantly wetland and agricultural 
land use in the beginning of the study period, but changed to urban and 
built-up land use by the end of the study period.   
 
3. The increasing trends in total nitrogen at stations 114, 115, and 151 could 
be due to the increased proportion of urban land use in the area; however, 
some of the increase in total nitrogen at station 114 was likely due to 
excessive nitrates discharging from Lithia Springs.  The high fecal 
coliform and total nitrogen at station 111 was likely attributed to the high 
proportion of agricultural and urban and built-up land use around this 
station.  Other observed trends in turbidity and total phosphorus were 
reductions in the concentrations throughout the watershed which is a 
positive sign considering urban and built-up land use has increased. 
 
Implications 
 The quality of the Alafia River is important to understand since this river is used 
for recreational purposes and it is also a source of drinking water for local residents.  By 
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determining the trends in water quality in the river, changes can be made to implement 
new environmental regulatory requirements, make lifestyle changes, and otherwise be 
more aware of the quality of this natural resource.   
 Previous water quality studies conducted in the Alafia River watershed have 
mainly been technical reports that focused on establishing an overall rating of either 
“poor”, “fair”, or “good” for each section of the river based on calculation of the Water 
Quality Index.  Other studies have examined the Alafia River watershed only as a part of 
the Tampa Bay watershed and focused mainly on overall non-point source loadings from 
the Alafia River to the Tampa Bay.  In each of these studies, the analysis was based on 
data that had been converted over to annual averages and not on the raw monthly or 
quarterly sample results. 
 This study has not only provided a more recent, long-term trend analysis of 
monthly sampled water quality variables within the Alafia River watershed, but has also 
incorporated seasonal trends which are lacking in previous studies of this watershed.  
This evaluation provided new information about this watershed indicating total nitrogen 
was more degraded (higher) during the dry season and dissolved oxygen was more 
degraded (lower) during the wet season.   
 This study also included a detailed statistical trend analysis of water quality over 
the entire study period in the Alafia River watershed which is also lacking in the previous 
studies of this watershed.  This information provides a base knowledge of how water 
quality has changed over time in the watershed and bases that knowledge on statistical 
analysis.  The steps used in this study to determine the appropriate statistical test to use in 
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the analysis of trends in water quality can also be used as a guideline for future studies on 
water quality trend analysis.   
 This study also incorporated land use as a variable and examined how changes in 
land use may be contributing to the trends exhibited in water quality.  Previous studies 
have only analyzed the land use in the area at one point in time.  Examination of changes 
in land use provides a basis for correlating land use and water quality to determine how a 
change in land use can affect water quality. 
 This research has demonstrated the need for more attention and resources to be 
focused on improving water quality in the Alafia River.  Efforts should be focused on 
identifying potential contributors of fecal coliform and total nitrogen to the Alafia River, 
especially upstream of station 111 in Turkey Creek and in the North Prong of the river.  
Investigations should also be made into the source of the low dissolved oxygen 
concentrations consistently experienced at the mouth of the river.   
 This research has provided information on seasonal trends in the watershed which 
indicate turbidity, fecal coliform, and total phosphorus all have concentrations higher 
during the wet season than in the dry season.  More focus can be put on reducing the 
impact of these pollutants during storm events.  This research has also demonstrated that 
turbidity and total phosphorus have shown decreasing trends within the watershed while 
total nitrogen has an increasing trend.  This information can be used by environmental 
regulators to help prioritize specific water quality pollutants to devote more resources and 
time to reducing.   
 The land use trend information examined in this research study has indicated that 
urban and built-up land use continues to rise in the watershed while wetlands are 
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decreasing.  This information provides a general background of changes occurring in the 
watershed and reaffirms the need for continued education on best management practices 
and low impact development to try to curb the effects of growth on water quality. 
 
Additional Research 
 Recommendations for further research into the spatial and temporal trends in 
water quality in the Alafia River watershed and how land use relates to these trends: 
  
1. Determine the trends in water quality on flow-adjusted data.  Water 
quality is often correlated to river flow.  Since flows vary throughout the 
watershed and some water quality concentrations may be diluted with 
higher discharge while others may be more concentrated, adjusting for the 
effects of flow on the data may provide more accurate results for trend by 
eliminating this variability.   
 
2. Further examine trends in water quality grouped by season (wet vs. dry).  
Since concentrations of some water quality variables vary greatly between 
seasons, an overall trend in the dataset may not be detected.  By grouping 
the data based on the median seasonal value for each year and running a 
statistical test for trend, the data may no longer be serially correlated and 
the amount of statistically significant trends detected may change.   
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3. Examine the trends for the entire watershed as a whole.  By examining the 
watershed as a whole, total pollutant loadings from the watershed can be 
determined. 
 
4. Determine the correlation between each water quality variable and each 
land use type in the watershed.  By examining correlations between water 
quality and land use, better associations can be made about the effects of 
land use and land use change on water quality. 
 
5. Incorporate the effects of precipitation on water quality in the watershed.  
Since non-point source pollution is the main cause of water quality 
pollution, examining the effects of precipitation on water quality would 
provide a better understanding of the impacts of stormwater runoff on the 
river, especially if samples are collected during storm events.   
 
6. Conduct a more detailed GIS analysis which includes layers such as 
stormwater inlets and pipes, septic systems, and/or land use subgroups 
within the watershed.   
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Appendix A:  Land Use Tables 
 
Table A-1. The proportion of each land use area to the total area within the contributing zone of each sample station.* The 
proportions are separated based on the year of the land use data (1990, 1999, and 2006).  Each station’s highest land use 
proportion is in bold. 
    Land Use Classification 
Year Station Agricultural Barren Rangeland 
Transport., 
Comm., & Util. 
Upland 
Forest 
Urban & 
Built-Up Water Wetlands 
1990 74 0.1779 0.0019 0.0079 0.0093 0.1494 0.2454 0.1121 0.2960 
 111 0.5167 0.0000 0.0001 0.0055 0.0242 0.2103 0.0057 0.2375 
 114 0.2279 0.0010 0.0103 0.0063 0.1331 0.0864 0.0389 0.4960 
 115 0.1294 0.0000 0.0182 0.0270 0.0911 0.2155 0.0204 0.4984 
 116 0.1410 0.0000 0.0323 0.0024 0.0837 0.0764 0.0083 0.6558 
 139 0.0697 0.0000 0.0071 0.0031 0.1473 0.3825 0.0023 0.3879 
 151 0.0468 0.0000 0.0000 0.0272 0.0000 0.8798 0.0073 0.0390 
  154 0.3991 0.0021 0.0448 0.0234 0.1473 0.1153 0.0064 0.2615 
1999 74 0.1710 0.0000 0.0062 0.0084 0.1573 0.2594 0.1121 0.2856 
 111 0.5249 0.0000 0.0001 0.0059 0.0287 0.2425 0.0101 0.1878 
 114 0.2427 0.0000 0.0072 0.0064 0.1366 0.1098 0.0443 0.4530 
 115 0.1039 0.0000 0.0113 0.0312 0.0842 0.2396 0.0174 0.5122 
 116 0.1468 0.0000 0.0239 0.0014 0.0807 0.1047 0.0078 0.6347 
 139 0.0615 0.0000 0.0000 0.0024 0.1220 0.4779 0.0059 0.3303 
 151 0.0416 0.0000 0.0000 0.0000 0.0153 0.9139 0.0000 0.0292 
  154 0.2734 0.0076 0.0413 0.0185 0.1847 0.2112 0.0128 0.2505 
2006 74 0.1315 0.0000 0.0042 0.0093 0.1516 0.3055 0.1267 0.2713 
 111 0.4299 0.0000 0.0000 0.0073 0.0281 0.3258 0.0135 0.1954 
 114 0.2074 0.0097 0.0057 0.0064 0.1319 0.1324 0.0505 0.4560 
 115 0.0831 0.0027 0.0104 0.0312 0.0719 0.2854 0.0159 0.4993 
 116 0.1301 0.0000 0.0212 0.0014 0.0852 0.1253 0.0072 0.6296 
 139 0.0432 0.0000 0.0000 0.0024 0.1220 0.4967 0.0028 0.3330 
 151 0.0244 0.0000 0.0000 0.0000 0.0153 0.9310 0.0000 0.0292 
  154 0.2204 0.0003 0.0345 0.0234 0.1716 0.2774 0.0176 0.2547 
* All proportions were rounded from six decimal places to four for table formatting. 
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Appendix A (continued) 
 
Table A-2.  The percent change* in the proportion of each land use area from 1990 – 1999, 1999 – 2006, and 1990 – 2006 for 
each sample station. 
    Land Use Classification 
Years Station Agricultural Barren Rangeland 
Transport., 
Comm., & Util. 
Upland 
Forest 
Urban & 
Built-Up Water Wetlands 
74 -3.88% -100.00% -21.50% -10.03% 5.27% 5.69% 0.02% -3.52% 1990 - 
1999 111 1.57% N/A -27.94% 5.88% 18.85% 15.31% 78.92% -20.90% 
 114 6.49% -99.97% -30.50% 1.45% 2.61% 27.08% 13.91% -8.68% 
 115 -19.69% N/A -37.48% 15.62% -7.53% 11.18% -14.67% 2.77% 
 116 4.11% N/A -26.00% -40.76% -3.63% 37.01% -6.35% -3.22% 
 139 -11.77% N/A -100.00% -21.44% -17.16% 24.93% 152.83% -14.86% 
 151 -11.12% N/A N/A -100.00% N/A 3.87% -100.00% -24.96% 
  154 -31.51% 255.57% -7.79% -20.82% 25.43% 83.18% 99.25% -4.23% 
74 -23.10% N/A -32.26% 11.03% -3.62% 17.76% 12.95% -5.02% 1999 - 
2006 111 -18.09% N/A -100.00% 25.30% -2.30% 34.35% 32.84% 4.03% 
 114 -14.55% 3098445.08% -20.41% -0.47% -3.45% 20.57% 13.96% 0.67% 
 115 -20.05% N/A -8.06% 0.03% -14.69% 19.13% -8.65% -2.52% 
 116 -11.38% N/A -11.41% 0.00% 5.60% 19.64% -7.79% -0.79% 
 139 -29.86% N/A N/A 0.01% -0.03% 3.93% -52.64% 0.82% 
 151 -41.25% N/A N/A N/A 0.00% 1.88% N/A 0.00% 
  154 -19.36% -95.75% -16.42% 25.97% -7.09% 31.36% 37.64% 1.69% 
74 -26.08% -100.00% -46.83% -0.10% 1.46% 24.46% 12.98% -8.36% 1990 - 
2006 111 -16.80% N/A -100.00% 32.67% 16.12% 54.92% 137.69% -17.72% 
 114 -9.01% 908.99% -44.69% 0.98% -0.93% 53.22% 29.82% -8.08% 
 115 -35.79% N/A -42.52% 15.66% -21.11% 32.45% -22.05% 0.19% 
 116 -7.74% N/A -34.44% -40.76% 1.76% 63.91% -13.64% -3.99% 
 139 -38.12% N/A -100.00% -21.43% -17.19% 29.85% 19.75% -14.16% 
 151 -47.78% N/A N/A -100.00% N/A 5.83% -100.00% -24.96% 
  154 -44.77% -84.89% -22.93% -0.26% 16.53% 140.63% 174.25% -2.61% 
* The percent changes were all rounded to two decimal places for table formatting. 
